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A B S T R A C T
Hu ma ns an d wi ld li fe a re ex po sed to an i nt rac ta bly l arg e n u mber o f di erent co mbi na ti on s of c hemi ca ls f oo d,ﬀ via
wa ter, a i r, c ons um er pro du ct s, a n d ot her medi a an d so urc es. Thi s rai ses c on cerns a bou t t hei r im pa ct o n pu bli c
a nd en vi ro nmen ta l heal th. T he ri sk a ss essmen t of c hem ic a ls f or regu la to ry pu rpos es m ai n ly reli es o n the as -
s es smen t of i nd i vi du a l chemi ca l s. If ex pos ure to mul ti pl e c hemi ca ls i s c on si dered i n a legi sl at i ve f ram ework, i t i s
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u su al ly li mi ted t o chemi c al s f al li ng w it hin thi s f ram ewo rk an d co -ex pos ure to c hemi ca ls t hat are co v ered by a
d i erent regu la t ory f ra mework i s of t en negl ect ed. M et hod olo gi es a nd g ui da n ce f or a ssess in g ri sks f rom c om -ﬀ
bi ned ex po su re to mu lt ipl e chemi ca l s hav e been d evelo ped f or di eren t regu la t ory sect ors, howev er, a ha r-ﬀ
m oni sed , co ns is tent ap proa ch f or perf ormi n g mi x tu re ri sk as sessm ent s an d ma n ag ement ac ros s d i erent reg -ﬀ
u la to ry s ec t ors i s l ac ki ng. At t he t im e o f thi s pu bli ca t io n, severa l EU researc h pro jec t s are ru nn in g, f un ded by the
c urren t Eu ropea n R es earc h a n d Inn ov at i on Pro gra mme Hori z on 20 20 or t he Sev ent h Fra mewo rk Pro gra mme.
They ai m a t ad dress in g kn owled ge g a ps an d dev elop in g met ho do log i es t o bett er a sses s c hemi ca l m ix tu res, by
g enera ti ng a n d ma kin g a va i la ble in tern al a n d ex t ern a l ex po su re da t a, devel opi ng m odel s fo r ex po sure a ssess -
m en t, devel opi ng t oo ls f or a nd e ec t as sessm en t t o be a ppli ed i n a ti ered f ram ewo rk a n d fo rin silico in vitro ﬀ
g rou pi ng o f c hemi ca ls , a s well a s dev elopi n g jo in t epi demi ol ogi c al -t ox i co log i ca l a ppro ac hes f or mi xt ure ri sk
a ss es smen t an d f or pri ori ti si ng mi xt ures of co nc ern. The pro jec t s EDC- Mi x Ri sk, Eu roM i x, EU Tox Ri sk, H BM4 EU
a nd SOL U TIONS ha v e s ta rted an ex c han ge between t he c on so rti a, Eu ropea n C omm is si on S erv i ces an d EU
Agen ci es, in order to i den ti f y where new method ol ogi es ha ve bec om e a v ai l abl e a nd where rem ai ni n g ga ps n eed
t o be fu rt her ad dress ed . Thi s pa per m ap s ho w the di erent p rojec ts c on tri but e t o the da ta needs a nd ass essmen tﬀ
m et hodo lo gi es an d i den ti es rema i ni ng cha ll eng es to be f urt her a d dressed f o r t he a ss es smen t o f c hemi ca lﬁ
m ix tu res.
1. Introduction
Hu ma ns an d wild lif e are ex pose d to a n in tra cta b ly larg e nu m b er o f
di ere nt c om b in ati on s of chem i cals fo od, wat er, a ir, co ns um e rﬀ via
prod uct s, m at eri als an d go ods . The po ssi b le co mb i na tio ns o f m ixt ur es
are i ncre as ed b y u se of phar ma ceu ti cals , d rug s, to b acco a ndinter alia
occu pat ion al ex pos ure s. Ta k en t oge ther , thi s rai ses s ig ni ca nt c onc ern sﬁ
ab ou t the im pa cts on p ub li c an d en vi ron m en tal he alt h. The ri sk a s-
se ssm e nt o f che mi cals fo r re gu lato ry p urpo se s doe s on ly i n ra re cas es
tak e i nt o acco un t the re al lif e ex pos ure to m u ltiple chem ic als, b u t“ ”
m ain ly re lies on the as ses sm e nt of in div id ua l che m ica ls. I f ex pos ure to
m ulti ple che m ica ls is con si der ed i n a legi slat iv e f ram e work , thi s is
us ua lly lim it ed t o chem ic als f allin g wi thin t his f ram e work an d ne glec ts
co-e xpo su re t o c hem ica ls tha t are cov ere d b y a d i e ren t pie ce of leg-ﬀ
isla tio n ( ). A de ta iled o ve rvi ew o f the d i e ren t le g-E va ns e t a l., 201 6 ﬀ
isla tiv e re qu ir em en ts fo r ass es sin g m ix tu res in EU le gis lati on can b e
fo un d in .K ie nz le r e t al. (20 14, 20 16)
Gu id an ce do cum e nt s are a va ilab le wi thin spe ci c re gula tor y se ctorsﬁ
an d in te rna tio na l fra m ewo rk s hav e be en prop ose d ( K ien z ler e t a l.,
201 4, 20 16) . Howe ve r, a ha rm oni se d, con si ste nt appr oach for per-
fo rm ing m ixt ure ris k as ses sm e nts an d m an ag em en t a cros s d i er en tﬀ
regu la tory se ctors is la ck in g. As o ut line d i n the C om m iss ion C om m u-
ni cati on on t he com b in at ion e e cts o f che m ica ls - C hem ica l mi xt ure sﬀ
( ), t here a re s ev era l o pen is su es t o a dd res s, su ch as a lack ofEC , 20 12
un de rst an din g of rea l co-e xpo su res , lack of in fo rm ati on o n co mb i ne d
tox ici ty, in ter acti on s, c hem ica ls' m ode s o f act ion a nd crit eri a f or
grou pi ng che m icals .
Sev era l E U res ea rch proj ect s are pre se nt ly u nd erwa y, f un de d b y the
cur ren t Eu rop ean Res ea rch a nd I nn ova ti on P rogra m m e Hori z on 2 020
( ; ) or the Se ve nt h F ram ew ork Pro-EC , 20 13 K arj ala in en et a l., 201 7
gram m e (F P7; ). They a im at a dd res sin g res ea rch gaps , b yE C, 2 006 e.g.
gen era ti ng a nd m a ki ng ava ila b le in tern al a nd ext ern al ex pos ur e da ta,
dev elo pin g m ode ls fo r ex pos ure ass es sm en t, de ve lopi ng t ools f or in si-
lico in vitroan d e ect a ss es sm en t to b e us ed in a ti ere d fra m ewo rk a ndﬀ
fo r g rou pin g of chem ica ls, a s well a s de ve lopin g j oin t ep ide m iolo gica l-
tox icolo gic al app roac hes f or m i xtu re r isk a sse ss m en t an d f or pri or-
iti sin g m ix tu res o f con cern .
The r ese arch proj ect s a nd se ver al Eu rop ean C om m is sio n s erv ice s
an d E U ag en cie s ha ve j oi ne d f orce s t o lin k the se proj ect s, m ap the
achi eve m en ts a nd id en tif y r em ai ni ng g aps . The se a sp ects we re als o
dis cu sse d in a work sho p e nt itle d Adv an cin g t he A sse ss m en t o f‘
Che m ica l Mi xtu re s an d thei r Ris k s f or Hum a n He alth an d the
En vi ronm e nt’, o n 29–30 May 20 18, a t the Joi nt Re se arch Ce nt re in
Is pra , It aly . The m a in f ea tu res of thes e pro je cts a re p res en ted in t his
pub li cat ion , as well a s how the p roj ects lin k t o sp eci c a sp ects ofﬁ
m ixt ure ris k as se ss me nt . H owe ver , t he lis t o f pro je cts pre se nt ed b e low
is n ot e xha us ti ve, a s i t fo cus es on o ng oin g pro je cts f u nd ed b y EU re -
se arch a nd in nov at ion pro gram m e s an d re late d a ctiv it ies wit hin EU
ins ti tut ion s. N e ve rthe less , cons id eri ng t he list ed pro je cts we ex pe ct to
cove r the cu rre nt m ai n are as o f m ix tu re res ea rch a nd d ev elop me nt , i n
orde r to dra w the con clu si ons pres en ted at the e nd o f thi s docu m en t.
2. Main concepts and terminology in the assessment of mixtures
2.1. Terminology
Ma ny di e ren t te rm s are u s ed in the con te xt of chem i cal m ixt ure s.ﬀ
This pu b lic ati on f ollo ws the t erm i nolo gy p ropos ed b y WHO/ I PC S an d
pub li she d in . I t i s im po rta nt to dis tin gu is h e xpo su reMe ek et a l. ( 201 1)
to the s am e chem ica l f rom m u ltip le sou rce s an d/ or b y m u ltip le pa th-
way s, whi ch is term e d a ggre ga te e xpo su re , while ex posu re to m u l-“ ”
tiple chem ic als sin gle o r m ult iple s ou rces an d/ or pat hway s i s te rm edvia
“ ”com b i ne d ex pos ur e to m u lti ple che m icals . C he mi cals grou pe d to -
get her f or ev alu ati on of com b i ne d ex pos ur e are ref erre d to a s a n a s-“
ses sm e nt g rou p . T he te rm chem i cal m ix tu re r ef ers t o a co mb i ne d” “ ”
exp osu re to m u ltiple chem i cals, a nd is de ne d as an y s et of m ult ipleﬁ
chem ica ls, reg ard les s of the ir so urc e, tha t m ay o r m a y no t be ide nt i -ﬁ
ab le a nd t hat m a y con tri b ut e to j oi nt t ox icit y in a ta rge t pop ula tio n
( ). Ma nu fa ctu re d prod uct s, su ch as pe st icid e f orm u lati on sATS DR, 200 4
or cos m eti c prod uc ts a re co ns ide red in te nti on al m ix tu res , whe rea s“ ”
coin cid en tally fo rm ed a nd var iab le mi xt ure s ori gin at in g fro m one or
sev era l so urce s, su ch as su rf ace wa te r con tam i na tio ns o r p es tici de re -
sid ue s i n f ood , are c ons id ere d u nin te nt ion al m ix tu res . I n ord er t o fa -
cilit ate t he rea da b ilit y of t he do cum e nt , w e gen er ally re f er to Mi xtu re
Risk As se ssm e nt ( MRA) a s re pres en tin g t he as se ss me nt of risk s fro m
com b in ed e xp osu re s to m u lti ple che m icals . On ly in the e ld o f pla ntﬁ
prote cti on p rodu cts , the E U leg isla tiv e f ram e work us es the te rm s cu -“
mu lat iv e ris k a ss es sm en t (C RA ) a nd cu m ula ti ve a ss es sm en t gro up s” “ ”
(C AGs ), whic h we there fo re u se i n that co nt ex t.
I n the co nt ext o f thi s pap er, ri sk a ss ess m en t is re fe rred t o as de ne dﬁ
b y : A p roce ss i nte nd ed t o calcu lat e or es tim a te t heWHO /I PC S (200 4) “
risk to a giv en targ et o rgan is m , s ys tem , o r ( su b )pop ula tio n, in clu din g
the id en ti c ati on o f at te nda nt un cert ai nti es , f ollo win g e xpo su re to aﬁ
part icu lar ag en t, tak i ng in to a ccou nt the in here nt chara cter ist ics o f the
age nt o f co nce rn as w ell as the chara cter ist ics of t he s peci c targ etﬁ
sy ste m . The ri sk as se ssm e nt proce ss i nclu d es f ou r st eps : haz ard id en -
ti ca tio n, ha za rd cha ract eri za tio n (r elat ed term :ﬁ Dose response assess-–
ment), exp osu re a ss ess m en t, an d ris k cha racte riz a tio n. M RA there f ore”
appli es t his d e ni tio n in the con te xt of com b in ed ex posu re t o m ulti pleﬁ
chem ica ls.
2.2. Concepts for mixture risk assessment
2.2.1. Mixtures in regulatory toxicology
The ris k f rom ex pos ure to che m ical m i xtu re s can b e as se sse d a s a
whole (whole -m ix tu re a pproa ch), o r b ase d o n t he in di vid u al
S.K. Bopp et al. Environment International 120 (2018) 544–562
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com pon en ts o f the m i xtu re (c om pon en ts- b as ed ap proa ch).
Whole mi xt ure e e cts c an b e a ss ess ed b y te sti ng a m i xtu re i ts elf , b u tﬀ
can a lso b e b a se d on da ta ge ne rat ed wi th a m ixt ur e of s im ila r co m po-
sit ion ( si mi lar in com po sit ion reg ard ing com pon en ts a nd prop or-i.e.
tio ns ). I n this ca se , a qu an tit ati ve M RA c an b e ca rrie d ou t di rect ly us in g
tox ici ty da ta o n the who le m ixt ur e. Whole m i xtu re te st ing can b e pe r-
fo rm ed f or i nte nt ion al m ix tu res , pes tic ide for mu la tion s a ss um i nge.g.
dire ct e xpo su re of an o pera tor , b u t als o fo r un in te nti on al m ixt ur es a nd
in dire ct e xpo su res su ch as m i xtu re s of pollu ta nts in riv er wa te r. This
appr oach a llows con sid era ti on o f a ny un id en ti e d che mi cals in theﬁ
m ixt ure s an d an y in te ract ion s am o ng m ix tu re com po ne nts . If the m ix -
tu re is f ur ther cha racte ris ed u si ng e ect- dir ecte d an aly se s b y fr ac-e.g. ﬀ
tio na tin g the sam ple s a nd t es tin g the f ra ctio ns , rele va nt che m ical
grou ps or che m icals dri vi ng the m i xtu re e e ct ca n b e fu rt her cha r-ﬀ
acte ris ed ( ).Bra ck e t al., 20 16
The p rob lem in app lyi ng who le-m i xtu re a pproa ches is, ho wev er, t he
ne arly in n it e n um b e r of p oss ib le co m b in ati ons of chem ica ls i n m ix -ﬁ
tu res , w hich can n ot all b e su bj ect ed t o (eco )to xic ologi cal te st in g. The
m aj orit y of w hole- m ixt ure st ud ies so f ar ha ve m ai nly con cen tra ted o n
eit her e nv iro nm en ta l, di eta ry o r con su m er pro du ct m ix tu res , whi le
whole s ou rces i n re al lif e are m u ch b road er an d m ore v ari ab le .
An othe r a ppro ach, which is g en era lly us ed whe n the co mp on en ts of
the m ix tu re ar e kn ow n, is to m a them a tic ally pre di ct the com b i ne d ac-
tio n of the co m pon en ts. T he choi ce of the m a them a tic al app roach t o us e
dep en ds m ai nly o n con sid era ti ons w hethe r the m ix tu re co m pon en ts act
b y t he sa m e m od e of a ctio n (M oA) or whe ther they are act in g in -
dep en de ntly ( ). T he opti m al us e of co mp one nt -b as edGro ten e t al., 20 01
appr oache s is ther ef ore d epe nd en t on the k n owle dge o f t he com po sit ion
of t he m ix tu re a nd t he corr esp on din g MoA of t he in di vi du al com po -
ne nts , or on the in f orm at ion rega rdi ng t heir a sso cia tio n wi th grou ps o f
chem ic als de m ons tra tin g si m ilar or i den ti cal MoA (a ss es sm en t gro ups ).
Such i nf orm a tio n m ay b e b ase d on chem i cal st ruc tur es a nd s tru ctu re-
acti vi ty rela tio ns hips (ei ther q u alit ati ve or q u an tit ati ve ), m ole cula r
m ode llin g, st ruct ura l ale rts or on tox ico logi cal re spo ns es o r e e ctsﬀ
( ).SC HER, SC C S, SCE N I HR, 2 012
Wit hin c om pon en t-b a se d a ppro ache s, thre e ba si c typ es of acti on a re
us ua lly co ns ide red : (i) d os e or (C A) , a ppli ed t oconcentration addition
chem ic als w ith a s im ila r M oA; (i i) ( I A) or re spon seindependent action
add it ion , appli ed to che m icals wit h a di ssi m ilar M oA; a nd ( iii ) in te r-
acti on s b e twe en chem ica ls i n the m ix tu re. T he te rm in ter acti on in -
clud es a ll for ms of j oi nt a ctio n tha t de via te f rom the a b ov e ad di tiv ity
con cept s. He nce , t he com b in ed e ec t o f tw o or m ore che m icals is ei the rﬀ
grea te r (sy ne rgi sti c, pot en tia tin g) or le ss (an tag on ist ic) t han tha t pre -
dict ed on t he b asi s o f do se or res pon se a dd iti on. B ot h CA an d I A are
b ase d o n the a ss um pt ion t hat c hem ica ls do n ot in ue nce ea ch o ther 'sﬂ
tox ici ty b y in te ract in g at t he b io logi cal ta rge t s ite . The y ha ve b een
su gge ste d a s de fa u lt appr oache s i n reg ula tory ris k a ss es sm en t of che-
m ical m i xtu re s, a lthou gh che m ical m i xtu re s a re ra rely com po se d of
eit her o nly s im ila rly o r o f on ly di ss im ila rly a ctin g chem i cals ( SC HER,
SC CS, SC E N IH R, 201 2). Fo r f urt her in f orm at ion on the u n de rlyin g
con cept s plea se re fe r to, , ,e.g. Ko rten k am p et a l. (200 9) SC HER, SC C S,
SC EN I HR (201 2) Ki en z ler et a l. ( 201 4)or .
Ov era ll, e vi den ce i n the li ter atu re s upp orts the ap plica tio n of con-
cen tra tio n ad di tio n as a rst , prote cti ve a pproa ch. I t is t here for e als oﬁ
the de fa ult appro ach to s tart f rom in s ev era l int ern at ion al re -
com m en da tio ns a nd fra m ew ork s, in de pe nde nt of c om pon en ts' sim i lar
or di ssi m ilar m od e of act ion . Howe ve r, onc e a de ta iled r isk as se ss me nt
fo r a m ix tu re is perf orm e d, che m ical gr ou pin g shou ld b e con sid ere d an d
b ase d o n com m on targ et o rga ns a nd /o r a com m on MoA. C o ns ide rin g
large nu m b ers of c hem ica ls in a gro up m i ght lea d to ove rly co ns erv at ive
ass es sm e nts . The ref ore , ca ref u lly de si gne d re ne m en ts t ailo red to theﬁ
ass es sm e nt n ee ds hav e t o b e fo un d. The c hoice of the appr oach de pen ds
stro ng ly on the con tex t of the ris k a ss es sm en t as we ll as o n t he in -
fo rm ati on o n which to b a se t he grou pin g of com pon en ts . I rre spe cti ve o f
the st art ing p oin t fo r g rou pin g, it i s reco m m en ded to u se a ll a va ilab le
in for ma ti on on the m i xtu re an d its co m pon en ts: phys ico- chem ic al
prope rti es, s tru ctu ral ale rts , (Q )SAR a nd re ad -acr oss in for ma tio n, e vi -
den ce f rom o mi cs, (high t hrou ghpu t sc ree nin g or othe r) orin vitro in
vivo ex peri m en tal da ta, d epe nd ing o n av ai lab ili ty. The ove rall b od y of
ev ide nce ne ed s to b e con sid ere d to d eci de w hethe r it i s s u cien t t oﬃ
draw con clus ion s o r add it ion al in fo rm ati on m u st b e ga there d o r gen -
era ted .
I t sho uld b e no ted that the co nce pts a b ov e hav e b ee n d ev elop ed
con sid eri ng t he e xpo su re to an d e ect s of m ix tur es o n i nd iv idu als .ﬀ
Howe ve r, t he e nv iron m en tal pro tec tion goa ls ar e es tab li she d at po pu-
lati on le ve l. T hat m ea ns that e ect s of s in gle co mp ou nd s on i nd iv idu alﬀ
en vir onm e nt al org ani sm s m ig ht b e acce pta b le as lon g as t he popu lat ion
is n ot im pa cte d. I n the co nt ex t of m i xtu re s, this m e an s tha t su ch slig ht
e e cts on i nd iv idu als by sin gle c he m ica ls m ight tra ns lat e to pop ula tio nﬀ
leve l e e cts w hen e xpo su re to che m ica l m ix tu res occu rs. The con cept sﬀ
for a ss ess in g m ixt ure s ar e appli cab le i n en vi ron me nt al ris k a ss ess m en t
(ERA ), when all i nd ivi du als i n t he pop ula tio n a re ex pec ted to b e e x-
pose d to t he sa m e m ix tu re an d lev el. Ho wev er, d i e ren t ind iv idu a ls inﬀ
the s am e po pula ti on m a y b e e xpo se d to di e ren t che m icals an d di f-ﬀ
fe ren t m ix tu res ov er ti m e, in tro du cin g an ad di tion al le ve l of com -
plex ity . Thi s can b e d ea lt wi th b y li nk in g po pula tio n m od els wit h
lan dsca pe a sse ss m en t ( ).To ppin g et al., 2 015
2.2.2. Mixtures in environmental epidemiology
I n e nv iro nm e nta l epi de mi olog y, e xpo su re i ndi cat ors a re us ed t o
des crib e t he ex pos ure o f co nce rn i n rela tio n to hu m an healt h a nd dis -
eas e. Whe re m i xtu re s are con cern ed , a var iet y of in dic ato rs can b e u se d,
dep en din g o n the ty pe o f m ix tu re o f i nt ere st. C om p le x m i xt ure s of
chem ica ls ar e som e tim e s repr ese nt ed b y o ne o r a f e w m a rk ers . F or in -
sta nce f or child hood e xp osu re to en vi ronm e nt al tob a cco sm o ke (ET S),
the n um b e r of ciga ret tes s m ok ed at hom e m ay b e the e xpo su re i nd icat or
to ca ptu re the m ixt ure of thou sa nd s of chem ica ls pre se nt i n to b acco
sm ok e. Alt ern at ive ly, o ne m ay m eas ur e coti ni ne , a m e tab o lite of n ico-
tin e in spu tu m , as a prox y to E TS e xpo su re. On e m ay fu rthe r an aly se
exp osu re s to the in div id ua l chem ic als i n E TS carb o n m on ox ide ,e.g.
b en ze ne an d o ther arom a tic s, poly cy clic a rom at ic hy dro carb on s, to-
b acco a ddi tiv es , . Howe ve r, this t ypi cally doe s no t su b st an tia llyetcetera
im prov e t he qu a lity of t he e xpo su re in di cat or, whi le su b sta nt ially in -
crea sin g the (an aly tica l) cos ts. I n a sim i lar fa shi on, pro xi mi ty t o tra cﬃ
or ag ricu ltu re plot s m ay cap tur e the e xpo su re o f tra c re late d pollu -ﬃ
tan ts or m u ltip le us e of p est ici des i n cos t e e cti ve wa ys . A s u bs ta nti alﬀ
fra ctio n o f epi de mi olog ica l r ese arch i nd ee d inv olv es the v ali dat ion o f
su ch (cru de ) ex pos ure in dica tor s wit h de tai led s tu di es of u nd erly in g
mu lti ple che m ica l a nd phy sica l chara cte ris tics , m ea su rem e nt ofe.g.
part icu late m att er an d ni tro gen d iox id e as m a rk ers f or the t ota l m ix tu re
of tra c -rela ted e xp osu re, oz o ne a s m ark er f or the m ixt ur es of su m m erﬃ
sm og, b e nz o (a)p yre ne as m a rk er f or m ult iple p oly cycli c arom a tic hy -
droca rb on s. I ncre as in gly, t his in vo lve s the us e hu ma n b io m on itor ing t o
chara cter ise b od y b urd en /i nte rn al ex posu re to m ult iple che m ica ls.
Exi st ing hu m an bi om on it orin g (HB M) s tu die s hav e m ea su re d m ult iple
chem ica ls i n di ere nt ( su b )pop ula tio ns , allowi ng t o dra w con clu sio nsﬀ
on t he m os t lik ely com b in ed c hem ica l ex pos ure pat tern s a nd there b y
gui di ng f ur ther re sea rch on m ix tu res . I n e pid em i ologi cal res ea rch int o
the e tio logy of di sea se , com ple x m i xtu re ex posu re s cha ract eris ed in
mo lecu lar e pid em io logy an d e xpo som e stu di es can no w b e d irec tly
link e d to hu m an he alth e ect s an d to sp eciﬀ ﬁc dis ea ses . In m an y cas es ,
thes e co m plex ex posu re s ca n b e as soc iat ed t o (p atho )phy sio logi cal
chan ges or to b iom a rk ers o f e e cts that co ns tit ute r isk fa ctor s fo r f u tu reﬀ
dis ea se, pu lm o na ry f un cti on de crem en ts , de crea sed k id ne y fu n c-e.g.
tio n, in cre ase d b loo d pre ss ure , high cho lest ero l le ve ls, o r bi om ar ke rs
su ch as e pig en eti c chan ges . L ink i ng t hese e e ct m ark e rs to com ple xﬀ
exp osu re s con trib u te s to es tab li shin g cau sa l re lati on ship s b e twe en
thes e e xpo su re a nd va riou s d is eas es . Su ch ex erci se s re ly on m od ern
sta tis tic al te chni qu es a nd com pu tat ion powe r to es ti ma te the j oin t ef -
fe ct of rele va nt com pon en ts of a m ix tur e thr oug h su pe rvis ed or u n-
su perv is ed sele cti on of e xp osu re ( var iab le s) o f co nce rn. Mod ern en -
vir onm e nt al epi dem i ology can a lso con tri b ut e to the s tud y o f
S.K. Bopp et al. Environment International 120 (2018) 544–562
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in tera cti ons b e twe en m ulti ple e xpos u res u nd er re al lif e con dit ion s.
2.3. Methodological issues and hurdles hampering the risk assessment of
chemical mixtures
When hav in g a clo se r look in to e xis tin g ca se s tu di es d ea ling wit h
MRA, s om e m et hodo logi cal iss ue s a re re curr en t ( ). TheBo pp et a l., 201 6
dat a s our ces u s ed a re v aria b le i n q ua lity an d the dat a se ts o ft en not
com ple te, hav in g a d irec t im pa ct on the q ua lity of t he RA a nd the re -
late d u nce rta in tie s. E xpo su re d ata are us u ally m o delle d, f rom (b i o)
m oni tori ng o r pu b lishe d da ta f rom su rv ey s on ex pos ure , an d the r e-
liab i lity of ex pos u re d ata di rect ly d epe nd s on the (b io )m on ito rin g
pract ice ( ; ) an d on t he qu an ti tyD ew alq ue e t al., 20 14 Ma la j e t al., 201 4
of a va ila b le dat a. The ex pos ure as ses sm e nt of pe rsis te nt a nd b i oac cu-
m ula tin g chem i cals i s ev en mo re cha llen gin g. It req ui res c ons id era tio n
of t he che mi cal's k i ne tics a t rea lis tic e nv iro nm en ta l e xpo su re lev els (e.g.
Tar az on a et a l., 201 5), the b o dy b u rde n as we ll a s the e xpo su re his tory ,
rathe r than the d aily in tak e , a s a s tart in g poi nt f or the RA , as t he ex-
pos ure patt ern s m ight cha ng e ov er ti me .
Tox ico logi cal dat a ste m mo stly fro m pu b lis hed da tab a se s, in clu din g
regu la tory as se ss me nt s. I n ca se of m iss in g dat a, m e thod s li ke the
Thre shold of Tox ico lo gic al Co nce rn (T TC ) or me thod s are u se d.in silico
In f act, da ta g aps s ee m t o b e the m a jo r iss ue when it co me s to RA o f
chem ic al mi xt ure s. Tho se d ata gaps are n u m erou s, b o th r ega rdi ng ha -
z ard an d ex pos ure d ata , f or c om pou nd s su ch a s pharm a ceu tic als
( ), pe sti cid es ( ;Ba ck hau s a nd Ka rlss on , 201 4 Ju ngha ns et al., 2 006
Ke nn edy et a l., 20 15 N ow ell et a l., 201 4; ), co sm et ics , , an d im ply theetc.
us e of ex tra pola tio ns ( a cut e to chron ic), which in cre as e the u n-e.g.
cert ain ti es o f the MRA. Mo dels fo r est im at in g agg reg ate exp osu re o f
con su m ers t o chem ica ls tha t occu r in pe rso na l ca re pro du cts a re b ei ng
dev elo ped ( ), b u t s u cie nt ly ela b ora ted dat a onDe lm aa r et a l., 201 5 ﬃ
the f req ue ncy of u s e of t hose prod u cts are st ill la ck in g (G ose ns e t a l. ,
201 3). T he in te grat ion of ex ist in g HBM dat a is r are s o f ar, b u t cou ld
help in a dd res sin g com b in ed an d ag greg ate ex pos ure of hu m an s m ore
rea list ica lly.
As a res ult , MRA re qu ire s a co ns id erab le am ou n t of ass u mp tio ns .
Thei r choi ce ca n hav e a large im pa ct on the o utc om e a nd s hou ld b e
care fu lly d ocu me nt ed and ju st i ed ( ;ﬁ B oon et a l., 2 015 Ke nn ed y et al.,
201 5). Thi s is a lso the cas e f or si ngle chem ica l a ss es sm en ts ; howe ve r,
fo r MRA it is o f par ticu lar i m port anc e si nce the u n cert ain ti es a rou nd
sin gle c hem ica l a ss es sm en ts a re co mp ou nd ed whe n co mb i ne d ris k s are
ass es se d.
More ov er, i n the cas e w here di e ren t m ode ls a re c om b in ed andﬀ
us ed i n t he sa m e RA ( f or di eta ry a nd no n-d ie tary ex pos ur e), ca rei.e.
m us t b e ta k en when in ter pret ing the re su lt to reco gni z e pos si b le di f-
fe ren ces i n the d egr ee of cons erv at ism b e twe en d ie tary and n on -di et ary
ex posu re m o dels . F urt herm or e, the as se ss me nt o f com b i ne d e e cts f orﬀ
chem ic als wi th com m on e ect s or com m on MoA im pli es t hat re fe ren ceﬀ
va lue s f or t he spe ciﬁc eﬀe ct u nd er con sid era tio n shou ld b e u se d.
Howe ve r, t ox icit y v alu es re porte d are o ft en t hose d riv in g the ris k o f the
sin gle c hem ica l, the lowe st re fe ren ce v alu e m ight b e f or a d i e ren ti.e. ﬀ
e e ct tha n the one rele va nt f or t he m ixt ur e as se ssm e nt . Us ing thes eﬀ
ref ere nce va lue s in lowe r t ie rs can b e a rstﬁ con se rva ti ve e sti m ate , b ut
m ight le ad t o larg e ov ere sti m ati on s of the co m b ine d e ect s. I n a ddi tio n,ﬀ
in tera cti ons of the o rgan is m (hu ma n or wild lif e) w ith the se va ryi ng
m ixt ure s m a y lea d to s ti mu lat ion or s upp ress io n of di ere nt t oxi cit yﬀ
pat hway s an d thu s to o the r Mo A. I n e ect , this m a y le ad t o othe r ad-ﬀ
ve rse ou tcom e s (A Os ) a nd di se ase s t han thos e es tab li she d in to x-
icolo gica l MRA an d o ve r- or u nd ere sti m ati on o f the a ctu al he alth e ect sﬀ
in t he hum a n popu la tion or eco sy ste m .
3. Overview of ongoing EU research projects on chemical mixtures
3.1. European research projects with relevance to mixture assessment
3.1.1. EDC-MixRisk
I nt egr ati ng Epi dem i olog y a nd Ex peri m en tal B io logy to I m pro ve
Risk As ses sm e nt of E xpos u re to Mi xtu re s of En docri ne D is rup tiv e
Co m pou nd s (E DC -Mi xRi sk ) aim s to m eet the so cie tal n ee d f or i m prov ed
deci si on- m ak in g reg ard in g ris k s fr om hum a n e xpos u re to mi xt ure s of
en docri ne dis ru ptin g chem i cals (E DC s ). E DC s a re chem i cals t hat in ter -
fe re wit h ho rm ona l si gna llin g b y d i er en t m echan is m s alr ead y a t lowﬀ
dos es . ED Cs fro m d i e ren t so urce s (e .g., pe st icid es , plas tic s of ten ers ,ﬀ
su rfa cta nts , e tc.) ca n di sru pt the s am e horm o na l pa thwa ys , t hus a dd in g
to e ach o thers e e cts ( ). E DC -M ixRi sk de te rm ine sﬀ Ko rte nk am p, 201 4
risk s fo r m ult iple adv ers e he alt h ou tcom e s b as ed on m olecu lar m e-
chan ism s i nv olv ed a ft er ea rly lif e e xpo su re to E DC m ix tur es b y a n in -
terd is cipli na ry coo pera ti on b e twe en ex pert s in ep ide m iolo gy, e xpe ri-
me nt al to xic ology an d m ole cu lar b io logy , an d ris k ass es sm en t. I t ha s
three m ain ai ms : i) I de nt i cat ion of E DC m ix tu res t hat a re as soci at edﬁ
with a dv ers e he alth o ut com es in epid em i ology ; ii ) I de nti cati on ofﬁ
mo lecu lar m e chan is ms an d pat hway s u nd erly in g the as soci ati on s b e-
twe en e xp osu re a nd a dv ers e hea lth ou tcom e s; a nd ii i) D ev elop me nt of a
tran sp are nt an d s ys tem a tic f ram e work f or in teg rati ng e pid em io logic al
an d ex peri m en tal re se arch t o fa cilit ate the a ss es sm en t of ris k and so -
ciet al im pa ct, thu s p rom oti ng b e tte r risk m an ag em e nt of ED Cs an d the ir
mi xt ure s.
Sin ce t he sta rt in 201 5, two se ts o f m ix tur es ha ve b e en e sta b lis hed
for m e tab o lism an d gro wth (G) , n eu rod ev elo pm en t (N ) an d sex u al de-
ve lo pm en t (S), b a se d on ex pos u re da ta f or 2 0 (m ix tu res 0 ) or 45 che -
mi cals (m ix tu res 1) wi th k no wn or su sp ect ed e nd ocri ne d is rup tin g
prope rti es. The m ixt ur es ar e b ase d o n da ta fr om the Swe di sh m othe r-
child pr egn an cy co ho rt SE LM A i nclu di ng chem ica l an aly se s fro m m o -
ther' s ur ine a nd se rum at pr egn an cy we ek 10 a nd t he fo llo win g hea lth
ou tcom e s of the ir child ren : b irt h w ei ght (g rowt h a nd m eta b olis m ),
lan gua ge d elay at ag e 2.5 (n eu rod ev elop m en t), an d an oge ni tal di sta nce
(AG D) i n b oy s (s ex ua l de ve lopm en t). A ll of t hes e ou tco m es a re e arly
sig ns for a dv ers ity in the re sp ecti ve dom a ins . Us in g t hes e da ta a nd a
nov el b io sta tis tic al m et hod, we ide nt i ed s o-ca lled b a d act ors, che m i-ﬁ
cals t hat co nt rib u te t o the ass oci ati on b e twe en ex pos ure an d ad ve rse
healt h out com e . T hes e b ad acto rs we re m ix ed in ra ti os corre spo nd in g to
the m ea n ex pos ure of SE LMA m ot hers a nd a re te ste d in a ni ma l an d cell
mo de ls in clud in g mi ce, ta dpo les, z eb ra sh, an d cell m ode ls. Ou r res u lt sﬁ
show tha t m ix tu res 0 ind u ce ne gat ive e e cts on t he mo lecu lar, ce l lula r,ﬀ
an d orga ni sm al lev el at co nce nt rati on s corr esp ond in g to t he act ua l le -
ve ls of the SEL MA m othe rs. T he m ixt ure s d isru pt ed com m on si gna llin g
pathw ay s in ce ll a nd i n a ni ma l mo de ls, in p art icu lar thy roid horm on e
sig na lling . T he m ole cula r e e cts co uld b e lin ke d to a dv ers e ou tco me sﬀ
su ch as i ncre as ed a di pose tis su e, b e hav iou ral cha ng es, a nd dis ru ptio n of
sex u al org an dev elo pm en t ( ) . Sele cted si ngleB irg ers son et al., 20 17
chem ica ls we re als o te ste d an d the ir e e cts co m pare d to the mi xt ure s.ﬀ
In m ost cas es , the sin gle com pou n ds d id not hav e a n e ect at co n-ﬀ
cen trat ion s com para b le t o the m ix tu res . Som e o f t he m ole cu lar si g-
na tur es a ect ed b y the m ixt ure s wi ll no w b e a naly se d i n the SEL MAﬀ
sam ple s a nd ass oci ati on s wi th e xpos u re a nd hea lt h ou tcom e s in the
childre n inv es ti gat ed. An i m port an t par t of the proj e ct is the im -
prov em en t an d d ev elopm e nt o f m et hods f or re gu lato ry ris k ass es sm en t
of m i xtu re s. On e of the m i s the Sim ila r Mix tu re App roa ch ( SMAC H)
des crib e d b elo w ( ).Sect ion 4.4
3.1.2. EuroMix
A tiered strategy for the risk assessment of mixtures of multiple chemicals
htt p: //edc mi x ris k.ki . se ht tps ://co rdi s.In termed ia t e resu lts are av a i la ble at
eu rop a. eu/pro jec t /rc n/1 933 10_en .ht ml.
htt p: //www. euro mi xp rojec t. eu .
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is d ev elop ed in the Eu roMi x proj e ct. Ris k a ss es sors ha ve to d ea l wi th
dat a ga ps, u n cert ain ti es an d lac k o f m od els ham pe rin g re alis tic risk
ass es sm e nt o f co m b ine d e xpo su re t o m u lt iple chem ic als ( com b in ed‘
ex posu re ) m u ltip le exp osu re ro ut es ( ag gre gat ed ex pos ur e ) .’ via ‘ ’
Ther ef ore, E u roMi x aim s to de ve lop b io as say s an d m od els t o per for m
fu tu re ris k a ss ess m en t with a ti ere d stra te gy f or chem ica l m i xtu re s wit h
fo cus o n (1) re du cin g un cert ain ti es a nd ge ne rat ing m o re re n ed haz a rdﬁ
dat a b y t es tin g se ve ral che m icals an d m ix tu res t here of u s ing cos t-ef -
fe ctiv e as sa ys ; (2 ) p rior ity set tin g f or te sti ng che mi cals b a se d o nin vitro
haz ard (u sin g too ls) an d/ or e xpo su re con si de rati on s; (3 ) ex -in silico
plori ng how t hese ass ay s can b e us ed as reli ab le alt ern ati ve s f orin vitro
an im al ex per im en ts ; ( 4) de ve lopi ng s peci c an d ge ne ral phys iolo gic alﬁ
b ase d- tox icok i ne tic (PB -T K) or to ex trap olat ion ( I VI V E )in vitro in vivo
m ode ls to us e tes t re su lts i n m ix tu re ri sk as se ssm e nt ; an d (5)in vitro
dev elo pin g haz a rd a nd ex posu re m ode ls f or ri sk as ses sm e nt a nd to
apply thes e m od els on t he n ewly g en era ted d at a.
To exp lore con cept s, m et hodo logi es an d m od els which a dd res s
thes e go als, t hree a dv ers e ou tco me pat hw ay s (AO Ps) , f or f att y cha nge s
in li ve r, decr eas ed a no gen it al dis ta nce a nd c ran io- fa cial m alf orm a tio n,
were s ele cte d. Pri orit isa tio n of chem i cals f or te sti ng i s b as ed onin vitro
in silico m od els (q u an tit ati ve ) st ruct ure act ivi ty rela tio ns hip ((Q ) SAR)
an d m ole cula r do ck in g, the con cep t of Thre sho ld of To xi colog ical
Co nce rn ( TTC ) a nd e xp osu re m o dels fo r ide nt if yin g m ix tu res of co n-
cern . Ab ou t 1 600 c hem ica ls f rom 10 d i e ren t chem i cal clas se s we reﬀ
scre en ed The r esu lts can be us ed for p riori ty s et tin g of tes tin silico.
chem ic als a nd/ or low er tie r inp ut d ata f or m ix tu re ris k a ss es sm en t.
In vitro a ss ays ali gni ng t he thr ee AOP s ar e u se d to m ea su re t he
pote nc y of chem ica ls i n a m ore re ne d m an n er. I n a ddi tio n, the y ar eﬁ
us ed t o in v est iga te t he a pprop riat en es s of the d ef au lt as su m pti on of
dos e ad di tio n us in g chem ic als hav in g a si m ilar a nd d iss im ila r mo de o f
acti on . Res ults fro m te st in g will b e v eri ed a gai ns t e x-in-vitro ﬁ in-vivo
peri m en ts.
Although in vitro ass ay s wi ll allow g en era tin g ne w haz a rd d ata fo r
ye t un te ste d che mi cals i n a co st- e ect iv e m an ne r, thei r re su lts n ee d toﬀ
b e ex tra pola ted f rom in te rna l e xpo su re con cen tra tio ns to ex tern al d ose s
b ef ore b ei ng us ed in m i xtu re ri sk ass es sm en t. For thi s, ni ne s peci c a ndﬁ
on e gen er ic PB- TK (o r I V I V E) m o dels w ere d ev elop ed.
The E u roMi x to olb ox will re su lt i n d ata an d m od els allowi ng 1)
clas si ca tio n in to cu m ula tiv e as se ss me nt g rou ps (C AG s) b as ed o n AOP -ﬁ
wis e te sti ng, 2 ) us e of a nd i n m ix tu re ris k a ss es s-in silico in vitro data
m en t ( MRA), 3) pe rfo rm in g MRA ov era rchin g regu lat ory s ect ors an d 4)
in teg rati ng ha z ard a nd e xpo su re da ta i nto a Marg in of Ex pos ure in lin e
wit h a t ie red as se ssm e nt as de scri b ed in in ter na tio na l gu id anc e.
Eu roMi x a im s at an o pen ly av ai lab le t oolb o x. The ref ore , the d ata ob -
tai ne d f rom the m ode ls an din silico the in vitro assays , to get her wit h ne w
m ode ls f or PB -TK , a nd ha z ard a nd e xp osu re (co m b ine d a nd ag gre gat ed)
ass es sm e nt wi ll b e em b ed de d in a w eb -b a se d Eu roMi x da ta an d m od el
too lb ox. C as e s tu die s f or com b in ed an d ag greg ate d ex pos ure as ses sm e nt
us in g thi s too lb ox ha ve b ee n p erf orm e d. A ca se s tu dy a dd res sin g
com b in ed ex pos ure of pes ti cide s, a dd iti ve s an d co nta m in an ts, a s a n
ex am ple o f m ix tu re ri sk as ses sm e nt o ve rarchi ng r egu lat ory sec tors , is
on goin g.
Acce ss to t he too ls will b e f aci lita te d by trai ni ng . Pra cti cal gu id an ce
on ho w to u se the t es ts a nd m o dels in li ne wit h int ern at ion al de ve l-
opm en ts will b e de liv ere d. Di ss em in at ion an d ha rm oni sa tio n of the
appr oach w ill b e ac hiev ed by in vo lvin g k ey -e xpe rts and EFSA , WHO
an d US-E PA a nd thr oug h f ou r harm on is at ion w ork sho ps.
3.1.3. HBM4EU
The European Human Biomonitoring Initiative (HB M4E U) is a j oi nt
e o rt of 28 cou ntr ies , 10 9 pa rtne rs inc lud ing the Eu rope anﬀ
En vi ronm e nt Age ncy . H BM4 EU ha s de sig ne d its res ear ch pro gra mm e t o
an swe r con cret e poli cy re leva nt qu es tio ns f rom EU an d na tio na l p olicy
ma k ers . The m a in a im of the i ni tia tiv e is to co ordi na te a nd adv an ce
hum a n b iom o ni tori ng (HB M) in Eu rope i n ord er to pr ovi de b e tte r e vi -
den ce of the a ctu al in te rna l e xp osu re o f cit iz en s t o c hem ica ls, the ag-
greg ate ex posu re , a nd i ts i mp act o n hea lth to su ppo rt poli cy m ak i ng in
rele van t c hem ica l reg ula tor y d om ai ns . Ke y o bje cti ves in clu de : i)
Harm on is in g proce du res fo r HBM a cros s co un tri es, t o prov id e poli cy
ma k ers wi th com pa rab le dat a on hu m an i nt ern al ex pos ure t o c hem ica ls
at t he E U lev el; i i) L in k ing da ta o n a ggre gat e i nte rna l ex pos ure to
chem ica ls to e xt ern al ex pos ure an d id en tif yi ng e xpo su re pa thwa ys a nd
ups tre am sou rce s; iii ) G en era ti ng s cien ti c e vi den ce on t he cau s al lin k sﬁ
b etw een hu ma n e xpo su re t o chem i cals a nd ad ver se he alt h o ut com es ;
an d iv) A dap tin g che mi cal ris k a ss es sm en t m et hodo logi es t o us e HB M
dat a to acc ou nt f or the con tri b ut ion of m u lti ple ex pos ure p athw ay s to
the tot al chem ic al bo dy b u rde n. A s peci c wo rk pa ck age o n m ix tu res i sﬁ
inc lud ed w ith the ai m t o id en tif y re al-li fe ex pos ure pat tern s, p riori ty
mi xt ure s, dri ve rs of m ix tu re to xi city a nd t o as ses s pot en tia l he alth ris k s
an d im pa cts of m ixt ur es. T o t his e nd , e xi sti ng HB M m ix tu re da ta wi ll b e
an alys ed , com b in in g d ata driv en a pproa ches , wit h tox ici ty w eig hed
grou pin g b as ed o n a dve rse ou tcom e pa thwa ys (AO Ps) . N e w m ixt uree.g.
dat a will b e co llecte d in a jo in t su rve y in 3 5 cou n trie s an d thre e cas e–
stu di es o n he alth e ect a ss es sm en t of m ixt ur es w ill b e de ve lope d. A ri chﬀ
set of m i xtu re HB M d ata acros s E uro pe wi ll b e an aly se d j oin tly an d
gen era te d , as nov el av en u es to add res s as soci at ed he alth ris k s.de novo
HBM4 EU als o has a wo rk pack a ge a dd res sin g Em erg in g chem i cals‘ ’
throu gh the de ve lopm en t a nd appli cati on of su sp ect scre en in g a p-“ ”
proa ches f or t he id en ti ca tio n and m o ni tori ng of a lr ead y k no wnﬁ
em erg in g chem i cals tha t are n ot y et ro ut in ely m ea su red , as we ll a s n on -
targ ete d pro ling a pproa ches f or re ve ali ng u nk n own che m ica ls that a reﬁ
pote nt ially haz ar dou s. Thi s will ad d fu rthe r ins ig hts in to the n at ur e and
scop e of m i xtu re e xpo su res in the Eu rop ean popu lat ion . I n i ts rst y ea r,ﬁ
the achi ev em e nts s o fa r are sti ll m a inly me tho dolog ica l in n atu re . For
ins ta nce , proce du res fo r e xcha ng e of hum a n s am ples fro m b i ob an k s,
an d dat a m an ag em en t prot ocols for t he ex chan ge o f da ta f rom ex ist in g
HBM p rogra m m es a nd s tu di es b e twe en dat a ow ne r a nd da ta u se r withi n
the E uro pea n G en era l Dat a Pro tec tion Reg ula tio n (G DP R, Re gu lat ion
(EU ) 201 6/ 679 ) re qu ire m en t we re d ev elope d. A lso, I n ter la b ora tory
Co m pari son I n ve st iga tio ns (I CI ) an d Ex te rna l Q ua lity A ss ura nce
Schem e (EQ UA S) we re e st ab lis hed for the a na lys is of t he HB M4E U
prior ity chem i cals an d re fe ren ce la b ora tori es i de nti ed . Stak e holde rﬁ
dia logu es are b e ing i ni tia te d an d proce du res for t he der iva tio n of HBM
healt h-b as ed g ui da nce va lu e s (HB M HB GV s ) were es tab li she d f or the
gen era l pop ula tio n a nd fo r work e rs a nd a pplie d t o a rs t HB M4 EUﬁ
prior ity chem ic al (di (2- ethy lhex yl) pht halat e (D EHP )). Pro toco ls for t he
alig nm en t of ex ist in g na tion al st ud ie s an d prog ram m es are e sta b lis hed
an d da ta colle cti on t hrou gh the se a lign ed s tu di es s ta rts in the s eco nd
half o f 2 018 , wit h sa m ple colle cti on in d i e ren t a ge g rou ps a cros sﬀ
di e ren t ge ogra phic al un its i n Eu ro pe.ﬀ
3.1.4. EU-ToxRisk
The vi sio n of the la rge -sca le proj e ct ‘An integrated European agship‘ﬂ ’
program driving mechanism-based toxicity testing and risk assessment for
the 21st century’ (E U- Tox Risk ) is to dri ve a para dig m s hift in to xi colog y
towa rds a n a nim a l-f ree , m e chan ism - ba se d in teg rat ed ap proa ch t o che-
mi cal s af et y a ss ess m en t ( ). T he E U-T oxRi skD an es hian e t al., 201 6
proj ect s tar ted i n Ja nu ary 2 016 a nd ha s u nit ed a ll re lev an t dis cipli ne s
an d sta k ehold ers to e sta b lish: i) pragm a tic , s oli d r ead -ac ross proce du res
inc orpor ati ng m e chan ist ic an d tox ico ki ne tic k n owle dge ; a nd i i) ab initio
haz ard an d ri sk as se ss me nt stra te gie s o f che m icals wi th lit tle b a ck-
grou nd i nf orm a tio n. T he proj ect is f ocu se d on repe ate d d ose s ys te mi c
tox icit y (RD T) ta rge tin g the liv er , k i dne y, lu ng a nd n erv ou s s ys tem , as
well as de ve lopm e nta l/re prod u ctio n t oxi city (DA RT) (De lp e t a l.,
201 8). The con sort iu m b ri ngs tog ethe r a larg e pan el o f b oth a ndin silico
rob u st hu m an c ell-b a sed as sa ys as w ell a s hig h t hrou ghpu tin vitro
htt ps: //www. hbm4eu .eu . htt p: //www. eu- to xri sk. eu/.
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techn olo gie s ( ), i nclu di ng targ ete d t ran scri ptom i csW in k e t a l., 201 8
( ), a ltog ethe r ref erre d to as n ew a pproa ch me tho dol-Ma v et a l., 201 8
ogi es (N AMs ). The in te grat ion of the va riou s N A Ms i n d e n ed cas eﬁ
stu di es w ill allow t he as ses sm e nt o f the o ve rall ap plica b ilit y do ma in o f
thes e N AM s in che m ica l ha z ard a nd ulti m ate ris k a sse ss m en t. The ca se
stu di es in volv e i nt egra tio n o f b o th to xico dy na m ics as well a s to x-
icok i ne tics i nf orm a tio n to u ltim a tely d eri ve t o an im p rove d haz a rd an d
ris k a ss ess m en t s trat egy . The rst 2.5 y ea rs o f E U-T oxRi sk ha ve f o-ﬁ
cus se d on a pan el of cas e s tu die s t hat ha ve ad dre sse d t he q ue sti on
whet her b i ologi cal i nf orm a tion f rom N AM s can co ntr ib ut e to rea d
acro ss ca se s. Ex am ple s i nv olve d st ea tot ic live r in ju ry cau se d b y v alpro ic
an alog ue s, pes tic ide s ta rge tin g the m ito chon dria l res pira tory chain a nd
on set of ne uro tox ici ty a nd phen ox yca rb ox ylic aci d an d pe rox iso m e
proli fe rati on . T he cas e st ud ie s m ak e a dva nt age of t he adv ers e ou tco m e
pat hway s tha t hav e b ee n d ev elop ed w ithi n E U-T oxRi sk . In va rio us of
ou r cas e stu di es we co m pare t he pred icti on of adv ers e ou tco me sin v it ro
in t he con tex t of a va ila b le d ata , to en su re co rrect p redi cti on b yin v iv o
ou r me thod s. The rst cas e s tud ie s tha t allow s uch a s ys tem a tici n v itr o ﬁ
com pa riso n in dic ate a good corre lati on b et we en o ur re su lts an din vi tro
prio r kn owle dg e on ad ve rse ou tcom e s f or c ase stu dy com pou n ds.i n v iv o
Im p orta nt ly , the a ctiv iti es i n the c ase stu di es a re su ppo rte d a nd gu ide d
b y b ot h, i nd us try s ta ke holde rs a s we ll a s reg ula tor s, fro m t he cos m eti cs,
(ag ro)che m ica l, pharm a ceu tica l se ctor . The rs t cas e s tu die s a re inﬁ
thei r na l s ta ge a nd w ill b e re port ed i n re gu lato ry m ock s ub m is si onﬁ
docu m en ts that w ill b e sha red w ith the r egu lat ory adv is ory b oa rd of the
proj ect . The a im is to pro vi de pr acti cal gu id an ce f or re gu lato ry re ad
acro ss. T he n ex t phas e of the p roj ect w ill in vo lve ca se stu dy that are
fo cus se d on s af ety ass es sm en t. M oreo ve r, we s ta rt wit h jo in tab i ni tio
cas e st ud ie s wi th in du stry st ak eho lder s to a ss es s the va li di ty a nd ap-
plica b ilit y of o ur N A Ms too lb ox f or chem i cal sa fe ty p redi cti on. We hav e
also fu rthe r o pti mi z ed ou r an d too lb ox m et hods . T hus ,in s i lic o in v i tro
am on g ot her too ls, we e sta b lishe d n ov el u ore sce nt re porte r in i nd uce dﬂ
plur ipot en t st em cells , dev elo ped a m ult i-or gan on a chip m od els as
well a s es tab li she d an d v ali dat ed d ise as ed li ve r m icros pher es. More -
ove r, we hav e i nte gra ted hig h throu ghpu t t ran scri ptom i cs b a se d on
targ et ed RN A-s eq ue nci ng to in crea se the m echa ni sti c in fo rm ati on
den si ty . T he na l g oal of E U-T ox Risk is to d eli ve r t est in g stra te gie s toﬁ
en ab le re lia b le, an im a l-fr ee ha z ard a nd ris k a ss ess m en t of chem i cals.
Altho ugh EU- Tox Ris k i s n ot d ire ctly add res si ng m i xtu re e e cts, t heﬀ
too ls an d appro ache s de ve lope d will su ppo rt the haz a rd as se ssm e nt of
m ixt ure s.
3.1.5. Sol utio ns
The p roj ect ‘Solu tion s for P re se nt a nd F ut ure Em e rg in g P ollu tan ts in
L and and Wat er R es o urc es Ma nag em e nt’ (SOL UT IO N S) (B rack e t al. ,
201 5) de ve lope d a com pre hen si ve s et o f to ols fo r holis tic m on it orin g,
ass es sm e nt a nd prio riti sa tion of c om plex m ixt ur es o f con ta mi na nt s in
Eu rope an wat er b od ies ( ) tog ethe r wit h a us er-Alte nb u rge r et a l., 2 015
fri en dly web -b a se d gu ida nce sy st em fo r the a pplica tio n of the se to ols
calle d RiB aT ox . A s peci c fo cus wa s gi ve n t o the d ev elop m en t an dﬁ
rigo rou s ev alu at ion of e e ct-b a se d too ls ( ), n on -ﬀ A lten b ur ger et al., 20 18
targ et che m ical sc ree nin g ( ) , e ect -di rect edHolle nd er et a l., 2 017 ﬀ
an aly sis ( ) a nd appr opria te sam pli ng tec hnolo gie sB rack e t al., 201 6
( ) . T he too lb ox has be en ext en si ve ly de mo ns tra tedSchu lz e et al., 20 17
in la rge cas e st ud ie s (ri ve rs D an ub e , Rhin e an d E b ro) t oge ther with
add it ion al eld si tes . An in te grat ed s et of m od els f rom em is si on f ateﬁ v ia
an d tran sp ort u p t o ris k has b e en d ev elo ped ( ) an dL in di m e t al., 201 6
us ed f or s pat ially an d te m pora lly ex plic it m od ellin g of ex pos ure an d
ris k of mo re tha n 50 00 chem i cals i n all Eu rop ean riv ers . T his a pproa ch
was helpf u l to ide nt if y chem i cals t hat m i ght pos e a ri sk b ut ha ve not
b ee n in clu ded i n m on itor in g y et b u t als o o f che m icals t hat pro ba b ly, do
no t p ose a r isk . Mo de lli ng a nd m oni tor ing w ere m u tu ally va lida te d in
the ca se stu di es r esu lti ng i n a gree m en t f or the ma j orit y of chem i cals
withi n ± one ord er of m ag nit ud e. C hem i cal f ootp rin ts cha ract eri zi ng
the i mp act o f co mp lex c ont am in an t m ix tu res as a res ult of e m is sio ns
an d av aila b le wa te r am ou nt s f or di lut ion tog ethe r wit h an e xt en siv e
com pila tio n o n ab a te me nt opti on s ( ) a nd the irv an Wez e l et a l., 201 7
e cacy fo r spe ci c com po un ds have b ee n ap plie d to pr iori tiz e mi ti-ﬃ ﬁ
gat ion m ea su re s. I n teg rate d e colo gica l, e e ct- ba se d and che mi calﬀ
mo ni tori ng ha ve b ee n u se d to re cord the i m prov em en t of wat er qu ali ty
an d aq ua tic eco sy ste m s af te r ma na ge me nt m ea su res s u ch as t he u p-
grad e o f w ast ewa te r trea tm e nt p lan ts i n Sw itz e rlan d. Re com m en da -
tio ns f or the en han cem e nt of cohe ren ce of di e ren t re gu lati on s rele van tﬀ
for che m icals a nd w ate r as w ell as f or the re vis ion of Wa ter F ram ew ork
Dir ecti ve t o b ett er cope with com ple x m ix tu res ha ve b e en m a de ( Bra ck
et al. , 2 017 ).
3.2 . Othe r Euro pe an ac tiv iti es of re lev an ce to mi xtu res
3.2 .1. Th e Euro pe an C om m iss i on's I nf orm atio n Pl atfor m fo r C h em ic al
Mon ito rin g ( IP CHEM )
I PC HE M i s the Eu rope an Co m mi ss ion 's re fe ren ce pla tf orm fo r che-
mi cal m o nit ori ng d ata colle cted acr oss va rio us m edi a ( en viro nm e nt ,
foo d & f ee d, hum a n m at rice s, con su m er prod uc ts an d in doo r a ir) b y t he
Eu rope an C om m iss io n b od ies , Me m b er St ate s, i nte rna ti ona l an d n a-
tio nal o rgan is ati on s an d res ear ch co m mu n iti es .
The Plat fo rm a im s to su ppo rt a coord in ate d app roac h f or collec tin g,
sto rin g, acce ss in g an d co m pari ng d at a re late d to the o ccu rren ce o f
chem ica ls, t heir me ta b olit es, a nd chem i cal m ix tu res , in rela tio n to
hum a ns a nd t he en vir onm e nt .
I PC HE M has b e en des ign ed an d im ple m en ted as a dis tri b ut ed i n-
fra str uct ure , prov id ing rem ot e acce ss to e xis ti ng che m ica l m on it orin g
dat a an d i nf orm a tion sy ste m s. Mo reov er , it o ers hos ti ng f aci liti es toﬀ
dat a ow ne rs an d pr ovi de rs who d o no t hav e t he res ou rces to p ub lis h
thei r dat a on lin e. I t is str uct ure d in to fou r m od ule s, a ccord in g to t he
chem ica l m oni tor ing d ata cat ego ris ati on: En vi ron m en tal Mo ni tori ng ,‘ ’
‘ ’ ‘ ’ ‘ ’Hu m an B io m oni tori ng , Fo od a nd F ee d , P rodu cts an d I nd oor A ir . The
prim ar y obj e ctiv es of IP CH EM a re f ocu se d on : (1) Ass is tin g po licy
ma k ers a nd s cie nt ist s to di sco ve r a nd a cce ss che mi cal m on ito rin g dat a
cove rin g a r an ge of m atri ces an d m ed ia; ( 2) O e rin g s af e an d s ecu reﬀ
dat a sto rage fo r d at a curr en tly n ot rea di ly acce ss ib le ; ( 3) Bo ost in g dat a
harm on is ati on a nd co m pari son , b y in teg rati ng q ua lity cont rol ru les a nd
proce du res in to t he pla tfo rm ; (4) Faci lita tin g e xpo su re a nd risk a s-
ses sm e nt pr acti ces i n su ppo rt of E U poli cies .
I PC HE M i s prog res si vely collab o rat ing w ith re sea rch proj ec ts, su ch
as HB M4 EU, E uro Mix , SOL UT IO N S, to m a ke r ese arch d at a an d m eta -
dat a sha rea b le an d acc ess ib le a t the e arly s ta ge pos si b le fo r polic y an d
regu lat ory p urpo se s.
Fu rthe rm ore , to b e st m e et the ne ed s of the com m u ni ty of us ers“ ”
work in g in the a rea o f MRA , t he fo llowi ng u pgra de s are en vis ag ed: (a )
alig nin g I PC HEM 's chem i cal no me nc latu re re gis try w ith othe r ex ist in g
regi str ies fo r the cohe ren t i den ti c ati on o f che m ica ls whic h a re de altﬁ
with b y Eu rop ean C om m is sio n Se rvi ces , Eu rop ean Age nc ies an d sc i-
en ti c co mm u n iti es; ( b ) ex plori ng o ptio ns fo r grou pin g of chem i cals ,ﬁ
b ase d on di ere nt p ara me te rs (a s e xpla in ed i n 4.3 ); (c) d e n in g an dﬀ ﬁ
dev elo pin g te chni cal s olu tio ns to e na b le i nt erop era b ilit y of I PC HE M
with t ools an d in f orm at ion sy ste m s pe rf orm in g m ix tu re ri sk as se ss-
me nt s, in part icu lar thos e b ui lt u nde r the H20 20 re sea rch fr am ew ork .
3.2 .2 . Eur ope an F ood Sa fety Au thori ty ( EF SA) m i xtu re pr oj ect s
3.2 .2 .1. EF SA M I XTO X pr oj ect . I n 2 013 , E FSA re vi ewe d t he
int ern at ion al f ram e work s a vai lab le fo r hu m an ris k as se ssm e nt of
mi xt ure s ( ). From the reco m m en dat ion s o f t his repo rt,EFSA , 201 3
EFSA in iti ate d d ata colle cti on o n m i xtu re tox ici ty f or hu m an an d
htt p://www. sol ut i ons -pro ject .eu In termedi a te res ul ts a re a v ai la ble a t
http s://c ordi s. euro pa .eu /p rojec t/rcn /110 817 _en. html .
htt ps: //ipc hem. jrc. ec. euro pa. eu/.
htt ps: //www.ef sa .eu ropa . eu /en/to pi cs /t opi c /chemi c al -mi x tu res.
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eco lo gic al ris k a ss es sm en t a nd orga ni se d a co lloq ui um o n
“ha rm oni sa tio n of hum a n a nd e colo gica l risk a sse ss m en t of m ult iple
chem ic als ( ; ; ). In” EFSA , 2 01 3 E FSA , 2 015 Qu ig not e t al., 20 15a , 201 5b
201 6, the EF SA's Scie nti c C om m itt ee sta rte d t he Mix To x pro je ct,ﬁ
aim i ng to d ev elop a gu id an ce do cum e nt (G D) on ha rm on is ed
m etho dolo gie s f or hu m an healt h, an im al he alt h a nd eco logi cal ri sk
ass es sm e nt u sin g tie rin g pri nci ples a nd ste pwi se a pproa ches t ak in g int o
acco un t in te rna tio na l dev elo pm en ts i n the eld (W HO, U S-EP A, JRC ,ﬁ
OE CD ) an d s peci c ne eds fo r the f oo d an d f ee d sa fe ty a rea . Theetc . ﬁ
“D raf t gu ida nce o n ha rm on ise d m etho dolo gie s f or hu m an hea lth,
an im al hea lth an d ecolo gica l risk as se ssm e nt o f com b in ed e xpo su re to
m ulti ple che mi cals ha s b ee n pu b lis hed o n 26 th Jun e 2 018 f or pu b l ic”
con su ltat ion . T he GD con st itu te s an ov era rchin g d ocu m en t aim e d a t
su pport in g the work o f E FSA pa ne ls a nd scie nt i c u ni ts a s we ll asﬁ
rele va nt s cie nt i c a dvi sor y b o die s d eali ng wit h chem ic al ris kﬁ
ass es sm e nt b ot h wi thin a nd a cros s reg ula tory ap plica tio ns a nd
se ctors . B y the b eg in nin g o f 20 19, a techn ica l rep ort on the pu bl i c
con su ltat ion will b e pub li she d to get her wi th the n al G D ta k in g in toﬁ
acco un t com m en ts fro m a ll s ta ke hold ers . I n s prin g 201 9, E FSA is also
plan ni ng a n in te rna tio na l w ork sho p t o di scu ss a nd d is sem i na te the GD
an d f urt her pro gres s i n the are a of m ixt ure ris k a ss ess m en t wi th
na tio na l an d in tern at ion al sci en ti c a dv is ory b od ie s, in du str y a ndﬁ
N GOs .
3.2 .2 .2 . EF SA L and s cap e E nv ir onm e ntal Ri s k Ass ess m e nt P roj e ct. T his
EFSA proj e ct a im s at dev elo pin g s pati ally e xpli cit ris k a ss es sm en t
m etho dolo gie s an d t ools for m a ppin g e nv iron m en ta l risk of chem i cal
an d b io logi cal str ess ors at the EU lev el, an d i s co nn ect ed to the
reco mm e nd ati on s f rom the E FSA's Pan el on Plan t Prot ect ion Prod uct s
an d the ir Re sid ue s ( PPR) t o in clu de la nd sca pe c harac teri sti cs i n t he
en vi ronm e nt al as se ss me nt of pes tic ide s. T he ov era ll obj ect ive is to
in teg rate the ca lcu lato rs, too ls an d m ode ls de ve lope d fo r su pport in g the
gu ida nce on E RA of pe st icid es i n a G IS- b ase d I T pla tfo rm , allow ing t he
con sid era tio n o f t rue en vi ronm e nt al ( clim at ic, g eolo gica l, ),e .g . etc .
eco lo gic al (s peci es dis tri bu ti on , eco sy ste m se rvic es, ) an d ( agri )etc .
cult ura l (s oil u se pat ter ns , land sca pe chara cter ist ics, c onn ec tiv ity of
agri cu ltu ral an d non -a gricu ltu ra l a rea s) va ria b ilit y in t he
en vi ronm e nt al ris k a ss es sm en t. T he pro je ct i s pri ma rily de sig ne d fo r
the as se ss me nt of ind iv idu al pe sti cid es , b u t as the e sti m ati ons will b e
spa tia lly ex plici t, it wi ll a llow fo r t he as ses sm e nt of com b in ed e xpo su re
to pe sti cid es a nd o ther a groche m ica ls . The pro je ct is s tru ctu re d in t wo
con sec ut ive p hase s: a) a t es tin g pha se wi th pilo t p roj ect s fo r a ss ess in g
the f ea si b ility an d t o pr ove the co nce pt ; an d b ) a n im ple m en ta tion“ ”
phas e whe re t he E RA gu id an ce, to ols a nd m ode ls a re u pda te d an d
in teg rate d in to a G IS co mp ati b le plat fo rm .
3.2 .2 .3. EF SA C u m ulati v e Ri s k A ss ess m en t of p es t ici de s  . EFSA 's PPR
Pan el ha s d ev elop ed a n ew a pproa ch f or gr ou pin g pe sti cid es that
pav es the wa y f or the im ple me nt ati on of cu m u lati ve r isk as se ss me nt
(C RA) f or m u ltiple pes tic ide res idu es ( ). The gen era lEF SA PP R, 2 014
m etho dolo gy f or cla ssi fy in g pes tici de s in to s o-ca lled cu m ula tiv e
ass es sm e nt grou ps ( CA Gs ) is b as ed o n i de nti fy in g co m pou nd s tha t
ex hib it s im ila r tox icolo gica l prope rti es in a sp eci c o rgan or sy st em . Aﬁ
ke y cha ract eri sti c o f the p ropos ed appro ach is t hat the grou pin g is n ot
b ase d on m e chan is tic as su m pti ons on the m o de of acti on f or chem i cal
clas ses . I ns tea d, the grou pin g is b a se d on a de tai led ev alu at ion of t he
e e cts o b se rve d in t he tox icolo gica l s tu di es, rs t at or gan /o rgan sys te mﬀ ﬁ
lev el an d t hen b a se d o n sp eci c phe nom e no logi cal e e cts ofﬁ ﬀ
tox icolo gic al rele va nce . For e xa m ple e ect s on the c en tral n erv ou sﬀ
sy ste m are fu rthe r di scri m in ate d a s e ects on m oto r di vis ion (ﬀ e .g .
locom o tor a ctiv it y, m u scle str en gth, coo rdi na tio n a nd eq ui lib riu m );
e e cts o n se ns ory d iv isi on ( i nclu di ng re ex ac tio n or se ns ory -m oto rﬀ e .g . ﬂ
res pon se s an d n eu rophy si ologi cal a ssa ys ); e e cts o n a ut ono m ic di vi sio nﬀ
( cholin erg ic mo du lati on ); n eu roc hem ica l e ect s ( b ra in o re.g . ﬀ e.g .
ery throcy te ace ty lcholin es te ras e i nhib i tio n) ; an d n eu ro patho logi cal
e e ctsﬀ ( ma in ly a xon al a nd m y eli n de gen er ati on ). As a r st s tep, t heﬁ
Au thori ty' s Pa ne l on Plan t Pro tect ion Prod uc ts an d the ir Res idu e s (PP R)
has ap plie d this m e thod ology to de ne g rou ps of p est icid es w hich areﬁ
tox ic to the thyro id an d ce nt ral ne rvo us s ys te ms . This appro ach will b e
grad ua lly in tro du ced i n reg ula tin g the u se o f pe sti cide s in t he Eu rop ean
Uni on . Fur ther i nf orm at ion can b e f ou nd i n the EFSA PPR Pa ne l o pin io n
on re lev an ce of di ssi m ilar m o de of act ion in CRA o f pe st icid es (EFS A
PPR, 20 13) an d it s g ui dan ce on pro b ab ili st ic die tar y e xp osu re
ass es sm en t ( ).E FSA PP R, 2 012
Thi s a ctiv it y i s f u rthe r su ppo rted t he E FSA- RIV M (D utc hv ia
Na ti ona l I n st itu te f or Pu b lic He alth an d t he En vi ron m en t) pa rtn ers hip
on C RA of pes tic ide s. The m a in pu rpo se o f thi s Par tne rshi p Agre em e nt
is to f u rther de ve lop the s ui tab i lity of t he Mon te C arlo Ri sk Ass es sm en t
(MC RA) s of twa re so t hat it b e com es fu lly ac ces sib le an d u s ab le b y E FSA
an d EU Me m b er Sta tes o rgan is at ion s com pe ten t fo r t he im ple m en tat ion
of pla nt prot ecti on p rodu cts legi sla tio n to p erf orm reg ula tory as se ss-
me nt s ( ; ) .v an d er V oe t e t al., 20 16 K rui ss elb rin k e t al., 20 18
3.2 .3. Eur ope an C o mm i ssi on J oin t Re s earc h C en tre ( JRC) m ixtu re p roj ec ts
3.2 .3.1. To xi cit y ass e ss m en t of c om bi ne d e xp os ur es an d ch em ic al
mi xtu res . I n f ollow -up to the C om m is sio n C om m u ni cat ion on t he
Co m bi ne d E ect s of C hem ica ls ( ), JRC s tart ed i ts acti vi tie sﬀ EC , 201 2
in t he ar ea of M RA wi th a v iew to d ev elop in g a ha rm oni se d ri sk
ass es sm en t m e thod olog y a nd in fo rm in g re gu lato ry g ui dan ce . The
acti vi ty foc us es o n t he u se of ex ist in g in fo rm ati on , in v itro
exp eri me nt s a nd com p ut ati ona l m ode llin g to cha ract eris e a nd p red ict
the to xico k ine ti c an d tox ico dy na m ic com b in ed e e cts of chem i cals i nﬀ
mi xt ure s. Reg ula tor y req u ire me nt s, av aila b le gu id an ce an d a pproa ches
were rev ie wed ( ) an d the appli cab i lity ofKie nz le r et al., 20 14, 2 016
nov el, n on -an im a l to ols in M RA w as i nv est iga te d ( ). I nBo pp et a l., 2 015
orde r t o gai n fu rthe r ins ig ht i nt o t he cu rren t prac tice s an d iss u es lin k ed
to MRA , rele va nt ca se s tu die s f rom the pee r-re vi ewe d lite rat ure wer e
rev iew ed ( ) . C u rren tly , J RC is p erf orm in g se ve ral ne wB opp e t al., 20 16
cas e st ud ie s fo cus in g on en docri ne dis rup tin g e ect s an dﬀ
dev elo pm en tal n eu rot oxi cit y. JRC is als o act ive ly c ont rib u tin g to a
gui da nce do cum e nt de ve loped wi thin the OE C D p roj ect on
“C on sid era tio n fo r as se ss ing the ris k s o f co mb i ne d exp osu re to
mu lti ple che m icals , to b e pu b lis hed i n 201 8.”
3.2 .3.2 . JR C m i xtu re ac tiv ity li nk ed to EU Wate r F ram ew ork Dire cti v e. I n
De cem b er 2 011 , JRC o rgan is ed a wor ks hop Tow ard s the“
im plem e nt ati on of ex is tin g an d i nn ova ti ve b i oas sa ys f or wa te r q ua lit y
ass es sm en t t o es tab li sh a str ate gic pla n f or the ap plica tio n of e xi sti ng”
an d in no va tiv e b i oas sa ys f or a ss es sin g wa te r qu ali ty . Wat er q ua lity
ass es sm en t u nd er the EU W ate r Fram e work Di rect ive (WF D, Di rect ive
200 0/6 0/E C ) f ocu se s on the e e cts of sin gle chem i cals ins te ad o fﬀ
ev alu ati ng the com b in ed a ctio n of e nv iro nm e nta lly re lev an t m i xtu re s.
B as ed on the w ork shop o ut com e, t he r st e xer cise was lau nche d toﬁ
ev alu ate t he su it ab ili ty of t he cu rren t si ngle che m ica l b a se d ass es sm e nt
of w ate r qu ali ty. C om b i na tio ns of 14 or 19 che mi cals o f con cern f or the
con tam in at ion of s ur fa ce wa te rs were prod uc ed as ref er en ce m ixt ure s
an d te ste d u sin g b io ass ay s b y a con sor tiu m of 1 7 res ea rch in sti tu tes
fro m e lev en EU an d a sso cia ted cou nt rie s, le d b y J RC. T he m i xtu re s
inc lud ed s ev era l class es of c he m ica ls, s uch a s pes ti cide s, pha rm ace u-
tica ls an d d i e ren t in du st ria l c hem ica ls (ﬀ C a rva lho et a l., 201 4 ). E ach
com pou n d wa s pre se nt at its in div id ua l s af ety con cen tra tio n li mi t ac-
cordi ng to E u rope an legi sla tion , the en vir onm e nt al q ua lity st an dar d
(EQ S; D ire ctiv e 2 008 /10 5/E C ). The b ioa ss ay s cov er ed t he m os t re-
leva nt eco tox icolo gica l en dpo in ts a nd in clud ed O EC D -va lid ate d an d
non -v alid at ed m e thod s. I n 201 7, JRC lau nche d the se con d e xe rcis e
inv it in g t he sa m e res ea rch grou ps t o us e the M ix1 4 or 19 as r ef ere nce
mi xt ure to com pa re to t he e ects o f a re al wa ter s am ple i n the rou tin eﬀ
b ioa ssa ys . The re su lts ar e ex pect ed i n Sept em b er 2 018 .
Fu rthe rm ore si nce 201 2, a s ub gr ou p of ex per ts o n C he m icalhtt ps: //www. ef sa .eu ropa .eu /en /press/n ew s/180 626.
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Mon ito rin g an d E me rgi ng P ollu tan ts (C MEP ) of the W G chem i cals ,
chair ed b y Sw ed en , I t aly a nd J RC , de liv ere d a te chn ical re port o n ex -
ist in g an d in n ova tiv e e e ct-b a sed m et ho do lo gie s (ﬀ W ern ers son e t al.,
201 4). C u rren tly , the C ME P gr ou p is i nv es tig ati ng the p oss ib le i m -
plem en ta tio n of e ect -b as ed m et hods fo r m on it orin g an d as ses sm e nt o fﬀ
aq ua tic s u rfa ce wa te r-b odi es in the co nt ex t of the W FD an d Ma rin e
Strat egy Fra me wor k Di rec tiv e (MSFD ; Di recti ve 2 008 /5 6/E C ).
4. H ow d o th e p ro je cts link to sp e ci c a spe cts of M ix tur e Risk
Assessm en t?
I n thi s se ctio n, the co nt rib u tio n of t he di e ren t proj ec ts to v ari ousﬀ
asp ects o f MRA i s dis cus se d in so me d et ail. A s u mm a ry is p rovi de d in
Tab le 1 T ab le 2a nd .
4.1. C om bi ne d ex po su re ass e ssm e nts
Reli ab le an d tim e ly a va ilab le co-o ccurr en ce an d co -ex pos ur e da ta
are e sse nt ial co mp on en ts of M RA. In orde r to de ter mi ne co-e xpo su re of
an o rgan is m , con cen tra tio ns pres en t in an ex pos ure m edi um ( occu r-
ren ce d ata ) ar e n ee ded in com b in at ion wit h up tak e rat es f rom t his
exp osu re me di um . Es peci ally in a retro spe cti ve c ont ex t, MRA is o ft en
trig gere d b y co -ex pos ure i nf orm a tio n tha t c an o rigi na te f rom inf orm a -
tio n on e xpo su re so urce s, m od elled e xp osu re s cen ari os, o r hu m an an d
en vir onm e nt al (b io) m oni tori ng d at a.
4.1.1. Gathe rin g an d ge ne rati ng ex pos u re da ta
I n m an y ca se s, occu rre nce i n a s peci c m a trix (su ch as f oo d, wat er,ﬁ
air) ca n b e m o delle d a nd /or m on ito red . The re late d u pta k e or up tak e
rate s of chem ic als b y a n org an is m f rom an y o f the se m a tri ces , ca n b e
ass es se d b y da ta on , , f ood con su m ptio n, cos m eti cs u se or in -in ter a lia
halat ion rat es, if the chem i cals a re prope rly id en ti e d an d qu an ti e d inﬁ ﬁ
thes e m at rice s.
As d es crib e d ab ov e, I PC HE M i s a pla tf orm ma k in g occu rren ce d ata ,
me as ure d i n d i er en t m atri ces , acc ess ib le to re se arche rs, po licy an dﬀ
deci si on m a ke rs. Se ve ral of t he ab ov e- de scrib e d pro je cts a re pro vid in g
dat a an d wi ll con trib u te to the en han cem e nt o f I PC HE M in t he n ear
fu tu re, e it her pro vi din g oc curr en ce d ata colle ctio ns ( HB M4 EU,e.g .
ED C- Mix Risk , SO LU TI ON S), o r o e rin g/s hari ng t ools an d cap ab ili tie sﬀ
su pport in g MRA.
I n ED C -Mi xRis k , e xpo su re to m u ltiple E DC s is i nv es tig ate d b as ed o n
two la rge E uro pea n pr egn an cy co hort s tud ie s, in clu din g a rou nd 1 500
mo ther -child pa irs . T he ex pos ure a ss es sm en t is b a se d o n m ea su rem e nts
of 54 che m icals wi th en doc rin e d isru pt ive prop erti es in b io-b a nk e d
b lo od an d u rin e sa m ples f rom m ot hers i n the SE LM A cohor t ( Bo rne hag
an d Ge nn in gs, 20 16) .
HB M4E U i s ga the rin g ex is tin g HB M da ta an d wi ll ge ne rate ne w
HBM d at a acco rdin g to harm on is ed pro toco ls, d ata t em plat es an d co-
deb o ok s. The d at a will b e m ad e av aila b le IP C HEM, as a gre ed w ithv ia
dat a con tro llers an d com pli an t wi th the da ta p rote ctio n re gu lati on .
Che m ica l clas ses curre nt ly f ocu se d o n are phtha lat es an d
Hex am oll D I N C H, b isp he no ls, pe r-/po ly u orin at ed co m pou nd s, a m eﬂ ﬂ
reta rda nt s, ca dm iu m an d chro m iu m V I , po lycy clic a rom a tic hy dro -
carb on s (P AHs) a nd a ni line s. I n a dd iti on, the ini tia ti ve a lso u se s HB M
dat a to in ve sti gat e che m ica l m ix tu res a nd f ollows n on -ta rget a p-
proa ches to i de nti fy em e rgin g chem i cals . The co mb i ne d act ivi tie s w ill
giv e a b e tte r vie w on the act ua l agg reg ate e xpo su res to m u ltip le che-
mi cals i n the E ur ope an po pula tio n.
B iom o nit orin g da ta f or wi ldlif e ca n e qu ally help id en tif y ing co-e x-
posu re pa tte rn s f or en vir onm e nt al org an ism s . C he mi cal m on it orin g of
en vir onm e nt al m ed ia can of ten b e dire ctly us ed in es tim a tin g e x-
posu re s, f or a qu at ic o rgan is m s. The SOL UT I ON S pro je ct ha s ae .g.
part icu lar f ocu s on prov id in g ex pos ure in fo rma ti on o n e me rgi ng po l-
luta nt s in E u rope an ri ve r b asi ns . This i nv olve s e xte ns iv e da ta s ets f rom
the SO LU TI ON S ca se s tu di es D an ub e , Rhin e a nd s om e Sp ani sh ri ve r
b asi ns Eb ro a nd L lob re ga t that hav e b ee n inc lud ed i n the N ORMAN
S.K. Bo pp e t al . Environment International 120 (2018) 544–562
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dat ab a se E MPO DA T, an d w ill b e m ad e a va ilab le also I PC HEM .via
Ab ou t 10 0 orga ni c m i cropo llu ta nt s hav e b een an aly sed i n larg e-v olu m e
soli d pha se e xt ract s ta ke n du ri ng t he Joi nt Dan u b e Su rve y 3 i n 20 14
( ) a nd li nk e d to e e ct d ata (Schu lz e et al., 20 15 in vitro ﬀ N ea le et al.,
201 5). O ther on go ing an d nali se d SOL UT I ON S st ud ie s look in to t ar-ﬁ
get ed a nd no n- targ ete d a na lys is o f wa st e wa ter trea tm en t pla nt ef -
ﬂu en ts for up t o 405 chem ic als, i nclu di ng t heir s pa tia l a nd te mp oral
dy na mi cs ( ; ; ).K öni g et a l., 2 017 N e ale e t a l., 201 7b Be ck ers e t al., 201 8
SOL UTI O N S ha s als o prov id ed a n in te res tin g da tas et on con cen tra tio ns
an d ris k s of pes tici de p att ern s (8 1 com po un ds ) in s ed im en ts of s ev en
m aj or Eu rop ean riv ers ( ) .M ass ei e t al., 20 18
4.1.2. Developing exposure models
En vi ron m en tal, f ood or othe r m on ito rin g da ta a lone are no t s u -ﬃ
cie nt t o as se ss e xpo su res f or hu m an s an d t he en vi ron m en t as , apa rt
fro m b i om on ito rin g dat a, the y in fo rm o nly ab ou t the conc en trat ion s in
m atri ces an orga ni sm can b e e xpo sed to , b u t n ot dir ectly ab ou t t he
upt ak e b y the o rgan is m f rom t hose m atri ces . T here fo re in m os t cas es
add it ion al m ode llin g ba se d on o ccur ren ce da ta is n ee de d an d a pplie d.
In s om e ca se s, m od ellin g b a sed on us e o r sa les i nf orm a tio n i s als o
perf orm e d, if n o f urt her m on ito rin g dat a are a va ilab le .
The o rga nis m s' ex te rna l o r i nt ern al ex pos ure can b e m od elle d, whe n
rele va nt in pu t da ta are a va ilab le . Ex am ple s of pro j ects d ev elop ing s uc h
m ode llin g too ls ar e the FP7- fu nd ed proj ect AC ROPO LI Se.g. a nd the
Eu roMi x pro je ct. T he A CRO POL I S proj e ct res u lted in a n o pti mi z ed
MC RA (Mo nte C arlo Ri sk Ass es sm en t) s of twa re e mb e dd ed in a web -
b ase d en vi ron m en t in o rde r t o as se ss d ie tary ex pos ure to pe st icid e re -
sid ue s ( ; ). The E u r-v an d er V oe t et al., 20 16 Kr ui sse lb rin k e t al., 201 8
ope an C om m is si on, E FSA, i ndu s try a nd re gu lato rs w ere t rain ed t o u se
the MC RA s oft war e an d a m a nu al on ho w t o u se the M CRA s of twa re fo r
con du ctin g C RA f ollow in g the E FSA g ui dan ce ( ) w as pr o-EFSA , 201 2
vi ded to t he E uro pea n C om m i ssi on . Eu roMi x i s f urt her d ev elopi ng
lowe r and hi ghe r t ier e xpo su re an d ri sk m o dels f or m u ltip le chem ica ls
an d wi ll i nt egra te thes e in to an o pen we b- b as ed t ool ad dre ssi ng c he-
m icals spa nn in g di ere nt r egu lat ory s ecto rs, re late d to d iet ary ex pos ureﬀ
an d b ey on d. I n a ddi tio n, ex pos ure too ls ad dre ss in g m u lti ple e xpo su re
rou tes (ag gre gat ed e xpo su re) w ill b e e mb e dd ed i n the Eu roM ix to ol.
The m od elli ng re su lts wi ll b e c om pare d an d v alid at ed wi th the SHE DS
sof tw are on com b in ed e xpo su re to m u ltip le chem i cals de ve lope d in t he
USA a nd re su lts of a hum a n st ud y.
I n t he con te xt of MRA, it is i mp orta nt t o loo k n ot o nly a t ex te rna l co-
ex posu re , b ut also to in ve sti gat e in te rna l co-e xpo su re, whi ch che-i.e.
m icals w ill b e f ou nd in the sa m e orga ns a t the sam e tim e , a s e xte rn al
an d in te rna l co-e xpo su re p att ern s ca n d i e r su b sta nt ially . Rec en tly,ﬀ
EFSA ha s en gag ed in a m u lti -ag en cy-a cad em ia c ollab o rati on to d ev elop
gen eri c tox ico k ine ti c (TK ) m od els a nd too ls as u ser -fri en dly , ope n-
sou rce mo de ls, cod ed in R ( ) . T he m ode ls ra nge f romR C o re Te am , 20 14
sim ple TK too ls, dy n am ic e ne rgy b ud get m ode ls t o phy sio logi cally
b ase d t oxi cok in et ic (PB TK ) m od els ca lib ra ted w ith phy si olog ical d ata
fo r hum a ns , fa rm an im als , pet s a nd s pec ies of eco logic al rele va nce
( ; ; ). Ot her EF SA ope nEF SA, 20 14 Gr ech et a l., 201 7 B aa s et a l., 2 018
sou rce t ools i nclu de E FSA' s haz ard da tab a se , O pen f ood tox , an d a
nu m b er of Q SA R t ools . A ll to get her, the se m od els a re fo res ee n to pro -
vi de a pla tf orm t o su pport t he in teg rat ion of TK d ata in ri sk ass es sm en t
in clud in g (1) de te rm in ati on o f in ter na l d ose , (2) t iss ue re si du es , an d ( 3)
an aly sis o f in ters pec ies d i er en ces a nd hu ma n va ria b ilit y in to x-ﬀ
icok i ne tic para m ete rs ( ; ;D orne e t a l., 2 017 To ropo v e t al., 2 017
Toro pov a et a l., 20 18). E FSA is cu rren tly i nv olvi ng age nci es f rom EU
Mem b e r Stat es ( A N SES, I SS), the JRC a nd o the r age nci es ( U S-i.e. i.e.
EPA , F DA) f or f urt her de velo pm en t of t he plat fo rm a nd ca se s tu die s fo r
trai ni ng t he cur ren t an d fu tu re ge ne rat ion o f ris k a ss ess ors .
Wit hin the S OL UTI O NS proj ect , an in te grat ed seq u en ce o f i nt er-
lin ke d m ode ls has b e en dev elo ped , t o sim u lat e the ri sk of (m i xt ure s of )
em erg in g pollu ta nts to a qu at ic org ani sm s a nd to hu m an s e xpo sed via
ﬁs h c ons u mp tio n a nd d rin ki ng wa te r a b str acti on . The f ou r m a jo r
com pon en ts are : (1) a ge ne ric e m is sio ns mo de l; (2) a sp ati ally an d
tem po rally ex plici t fa te a nd tran sp ort m od el (ST REA M-EU ), (3 ) a se -
qu en ce o f m od els t o es tim a te che m ical pr oper tie s an d (4 ) m ode ls to
calcu lat e ris k fo r hu ma n he alt h a nd eco logy . The m ode l cov ers the
whole of Eu rope w ith a re solu ti on in the ord er o f 10 k m ( ). Thi sFi g. 1
“ ”m od el tra in has v ery li m ite d in put r eq ui rem en ts : ( a) the u s e volu m e
an d us e cat ego ries of a chem ica l, an d (b ) t he m olecu la r stru ctu re o f a
chem ica l. Thi s allo ws, o n the on e ha nd , the a pplica ti on t o a la rge
nu m b er of c hem ica ls to b et ter a pproa ch re al life ex pos ur e, an d on t he“ ”
othe r han d app licat ion to n ew c hem ica ls b ef ore chem i cal-s peci c la-ﬁ
b orat ory a nd e ld da ta b e com e av ai lab le . F rom the e xpo su re si de, t hisﬁ
appro ach su pple m en ts m ea su red e nv iro nm e nta l con cen trat ion s (M EC s)
with pred icte d e nv iro nm en ta l con cen tra tio ns (PE Cs ), whi le co ve rin g
(m an y) m or e che m icals , oﬀeri ng f u ll spa tia l an d te m pora l cove rag e,
an d av oid in g i ss ue s wit h an alyt ica l q ua nt i cat ion lim its , a na lys is e rrorsﬁ
an d na tur al pat chin es s. The co st f or all thi s is t he lim it ed a ccur acy o f
PEC s a s com pa red t o ME Cs , w hich ne ed s to b e accou n ted f or in MRA
an d prio rit isa tio n prot ocols . At p res en t, sci en tis ts in v olve d in SOL UT -
UI ON S are eva lu ati ng the accu racy of t he PEC s i n C as e Stu die s f or the
Dan u b e, Rhin e an d fo ur Spa ni sh Riv er B asi ns .
4.2. Combined e ects assessmentsﬀ
E ect s of chem ic al m ix tu res c an b e ei ther a ss ess ed b y te st ing theﬀ
mi xt ure as a whole, o r b y pre dic tin g com b i ne d e e cts fro m the com -ﬀ
posi tio n o f a m ix tu re in te rm s of i ts com p one nt s an d t heir co nce nt ra-
tio ns.
I t i s pra ctic ally not fe as ib le t o te st a ll pos sib le m ix tu res exp eri -
me nt ally and tox ici ty d ata f or si ngle chem ic als on the r elev an t e nd -
poin ts or orga ni sm s a re no t alw ay s av aila b le. The ref ore , sm art stra te -
gie s ne ed to b e id en ti e d to a ss es s the po ten ti al haz a rds u si ng n ew t oolsﬁ
that r ely les s on te st ing an d i nco rpora te a ltern at iv e ex peri me nt alin vivo
an d com pu ta tio na l t ools ins te ad. E ur oMix , ED C -Mix Ris k, E UT oxRi sk ,
HBM4 EU , an d JRC a re w ork in g to ward s t his goa l o f e xplo rin g n ew
appro ach m et hodo logi es (N A Ms) tha t con trib u te t o der ivi ng m or e m e-
chan ist ic k no wled ge f or u n derp in nin g MRA , m ak in g b et ter u se of al-
tern at iv e too ls in an in teg rate d wa y an d red uci ng the n ee d for a nim a l
tes tin g.
4.2.1. Developing and using new approach methodologies for MRA
An ove rvi ew of how N A Ms s uch as m e thod s, om ics te chni -in vitro
qu es , a ppro ache s su ch a s q ua nt ita tiv e s tru ctu re a cti vit y re -in silico
lati ons hips ( QS ARs) a nd r ead -ac ross , tox ico ki ne tic an d d yn am ic en er gy
b ud get (D EB ) m ode llin g, the A OP con ce pt, an d in te grat ed a pproa ches
to te sti ng and ass es sm e nt (I AT A) can b e us ed i n MRA can b e fo un d in
Bop p et a l. (2 015 ). The se a ppro ache s a llow de riv in g m ea ni ngf u l in -
for ma ti on o n in di vid ua l m ix tu re com po ne nt s or w hole m ix tu res , en -
ab lin g a b ett er un de rst an din g of t he un de rlyi ng m ec han ism s of m ix tu re
e e cts. T hei r m ain st ren gths lie in thei r in teg rate d u s e an d s m artﬀ
com b in ati on to pu t d i er en t as pect s reg ard in g the ha z ard fro m c om -ﬀ
b ine d ex pos u re to m ult iple che m ica ls in to con te xt.
Se ve ral act iv iti es t o ga in m o re con de nce in t he u se o f N A M areﬁ
inc lud ed i n the res pec tiv e pro je cts . The Eu ro Mix proj ect aim s to pe r-
for m a lim i ted n u m be r of an im al st ud ies ( ex pe rim en ts ) to va li-in vivo
dat e the e xpe rim e nts fo r thei r pot en tia ls u se for re ni ng a s-in vitro ﬁ
su m ptio ns i n cur ren t MRA. The a nim a l stu di es wi ll a ddr ess the m ix tu re
e e ct of a lim ite d n um b e r of chem ic als w ith s im ila r an d d iss im i la rﬀ
mo de s of acti on . An i m port an t crit erio n f or the se lecti on o f t he che-
mi cals i s thei r con trib u ti on to d iet ary c om b in ed e xpo su re. T he va lida -
tio n in clud es t he ex tra polat ion of n di ngs b y de ve lo pin g PB -TKin vitro ﬁ
mo de lling an d m o de ls fo r t o e xt rapo lati on (I V I V E) f or thein vitro in vivo
chem ica ls tha t a re tes te d in the exp eri me nt s. EU Tox Ris k co m -in vivo
pare s in c ase s tu di es the pred icti on o f ad ve rse o ut com es i n thein vitro
con tex t of a va ilab le d ata , t o en su re co rrect p redi cti on. The rstin vivo ﬁhtt ps: //c ord is .eu ropa .eu /projec t/rc n/94 836_ en. ht ml  .
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cas e st ud ie s tha t allow s uc h a sy st em at ic com pa riso n i nd icat e a g ood
corre lati on b e twe en EUT ox Risk re su lts a nd p rior k n owle dge o nin vitro
in vivo a dv ers e ou tcom e s fo r case stu dy com pou n ds.
4.2.1.1. Activities related to component-based approaches. E ur oMix us es
the re su lts o f te sti ng , s uch as Q SA R an d m ole cula r d ock in g, as ain silico
sta rti ng poi nt to d eci de whe ther che m icals o ther t han p est ici des , which
hav e alre ady b een grou pe d b y E FSA, b elo ng t o a C AG ( More tto e t al.,
201 6). B as ed on tes tin g an d the T TC con cept , che m icals can b ein silico
prio riti se d fo r te st in g. E u roMi x do es t his u si ng AO P ne two rk s f orin vitro
three gro ups , live r st ea tos is, s ke let al m alf orm a tio n an d e nd ocri nei.e.
dis ru ptio n. T he E uro Mix tes t b a tte ry i nclu de s t est sy ste m s co ver ing
va riou s k ey -ev en ts o f the A OP n etw ork s. Mix tu res a nd sin gle che m icals
wit h a sim i la r an d di ss im ila r m o de of act ion will b e te st ed u si ng t he in
vitro in vivo Int est s an d the re su lts w ill b e com pa red w ith ex peri m en ts.
vitro t est s pe rfo rm ing w ell acco rdi ng to t his co mp ari son mi ght b e com e
can did at es f or fu tu re I n teg rat ed Ap proa ches t o Te sti ng an d As se ss m en t
(I ATA ). The te sts a re in line w ith the g oals t o prom ot ein vitro
alte rna ti ve t es tin g st rat egi es, w hich is als o an aim o f E UTo xRis k an d
ED C- Mix Risk . The t est s tra teg y will se rve as s howca se f or how an A OP-
b ase d in te grat ed te st s trat eg y can re n e wor st- case ass u mp tio ns m a deﬁ
e.g. in cu rre nt C RA of pes tic ide s de ve lope d by EF SA b ase d on spe ci cﬁ
ob se rva tio ns o f phe no m en ologi cal e ects o f to xico logi cal re lev an ce atﬀ
orga n o r org an /s ys tem leve l an d ass um i ng ad dit ivi ty as de fa ult
con sid era tio n. The Eu roMi x AO P-b as ed tes t str ate gy m ig ht con rm o rﬁ
su pport r e ni ng t he as su m ptio ns m a de in the EF SA appr oach an d wi llﬁ
b e an e c ien t wa y to ge ne rat e da ta ai m ing a t llin g d at a gap s.ﬃ ﬁ
JRC is als o cu rren tly ru nn in g e xpe rim e nta l cas e s tu die s i n-
ve sti gat in g m i xtu re s of s im ila r an d di ssi m ilar com p oun ds i n AO P-b as ed
tes tin g st rate gi es f or de ve lopm en ta l n eu rot oxi can ts .
EU Tox Ris k ai m s to as se ss t he ap plica tion of N AM s f or the i den ti -ﬁ
cati on of ha z ard an d in teg rat ion of s uch i nf orm a tio n in to r isk as se ss -
m en t sce na rios . So e ven if no t di rect ly ad dre ss ing mi xt ure s, t he ge n-
era ted too ls a nd in for ma tio n f or sin gle chem ic als can su pport the
ass es sm e nt o f che m ical m i xtu re s. E UTo xRis k in volv es b oth in silico
appro ache s an d tes t sy st em s t hat co ve r v ari ou s ta rge t orga ns lik ein vitro
live r, k id ne y, lu n g an d n eu ron al s ys tem s . This su ppo rts also fu rt her
exp lorin g the st rate gi es f or re ad- acro ss b ase d on N AMs . The in vitro
sy ste m s ran ge f rom high thr oug hpu t s ys te m s tak in g a dva nt age o f hig h
con ten t im a gin g, b ut also m ore a dva nce d m od els s uch a s ti ss ue o rga -
noi ds , o rga n-o n-a -chi p, a nd hi gh t hrou ghpu t tra ns cript om ics . T he lat ter
can help u nra ve llin g MoA s an d s up port i n pa rti cula r the g rou pin g in
mi xt ure ass es sm en ts .
B oth E uro Mix a nd E UTo xRis k a lso ad dre ss k in et ic con sid era tio ns b y
inc lud ing b iok in et ic m ea su rem e nt s an d PB TK m od elli ng to t ran sla te the
in vitro in vivoi nf orm at ion to an con te xt . T o a sse ss the v ari ou s t est
me thod s in t he proj e ct an d to en su re f urt her in te grat ion i n I ATA s, the
EUT ox Risk pro je ct has es tab li she d a la rge pa ne l of cas e st ud ies that
add res s e ithe r repe at d ose tox ici tie s (RD T) o r dev elo pm en tal a nd r e-
prod uct ive tox ici ty (D ART ). Ulti m ate ly, E UT oxRi sk an d Eu roM ix co n-
trib u te also t o a m ore q ua nti ta tiv e AO P-b a sed e va lua ti on, thu s en ab li ng
tran sla tio n of haz ard e va lua tio n in to ri sk ass es sm en t.
SO LU TI ON S is wo rk in g on a co m mo n de cis ion tree an d tie red w ork
ﬂow sche me fo r per for mi ng c om pon en t-b a se d hum a n a nd ecolo gica l
MRA f or chem i cal co ckt ai ls fo un d i n E uro pea n ri ve rs an d la ke s, co v-
erin g m ic ropollu ta nt s f rom diﬀe ren t leg isla tiv e s ect ors. T he pro pos ed
appro ach b u ild s on s chem e s tha t hav e b ee n de vis ed prev io us ly to s u it
di e ren t co nte xt s (s um m a ris ed i n ). The sche me isﬀ Pri ce e t al., 2 012
foc us ed on M RAs f or si ngle a qu at ic sp ecie s or s pec ies g rou ps, in clud in g
alga e, da phni a an d sh, an d f or hum a ns e xpo se d to aq ua ti c po llut an tsﬁ
via ﬁsh co ns um pt ion an d dr ink i ng wat er ab s tra ctio n. T he pro pos ed
sche me s ta rts f rom me as ur ed or m od elled c onc en trat ion s of c hem ica ls
co-oc curr ing in w ate r an d sh. I t b u ilds on t he pri nci ple of a ti ere dﬁ
appro ach, w here t he a na lysi s i s re n ed when pre vi ous tie rs r eve alﬁ
clear ly u na cce ptab le ex posu re s, w ith re ne m en ts b a sed on b es t-ca seﬁ
ass um p tio ns of m in im u m e xpe cta b le ris k s. The ut ilit y of t he propo se d
sche me i s te st ed b y us in g d at a on t he lev els o f a rou nd 3 00 che m ica ls
that ha ve b e en m e as ure d in t he Da nu b e ri ve r b asi n. I n a dd iti on, SO L-
UTI ON S p erf orm s co m pon en t-b a sed MRAs f or a qu at ic sp eci es a ss em -
b la ge s b y app lyin g the m s -PAF a pproa ch (m ult i-s ub s tan ces pote nt ially
Fig. 1. Eu rop e- wi de dom ai n (EU 28 pl us No rwa y a nd S wi tzerl an d) o f orga n ic chemi c al s i nt eg ra ted mo dell in g o f ex pos ure a nd ri sk i n S OL UTIO NS, as w el l a s a nd c a se
stu dy bas i ns us ed f or va li d at io n.
S.K. Bopp et al. Environment International 120 (2018) 544–562
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a e cte d f ra ctio n of spe cies ; ) to m od elle dﬀ D e Zwa rt an d Pos thu m a, 200 5
con cen tra tion s of aq ua tic po llut an ts all ov er E uro pe.
4.2.1.2. Activities related to whole mixture approaches. E DC -M ixRi sk has
ado pte d a w hole mi xt ure app roac h, where m ix tu res as soci ate d w ith
AOs are i den ti e d in e pid em i ologi cal da ta an d s ub s eq ue nt ly te ste d, asﬁ
whole m i xtu re s, in ex peri m en tal s ys te ms f or dos e-re sp ons e
rela tio ns hips. B oth an d mo de ls are u se d si mu lta ne ou slyin vitro in vivo
to lin k m olecu lar , c ellu lar an d o rgan is m al ev en ts f ollo win g an AOP -
driv en appro ach. Thi s int egr ate d appr oach en ab le s tra ns pare nt ,
con sis te nt an d s ys tem a tic a ss es sm en ts of da ta su pp orti ng o r
dis qu ali fy in g hy pothe si s or a ss ocia tio ns on ca us ali ty. The re su lts a re
ev alu ate d fr om a reg ula tory per spe ctiv e to e ns u re thei r us ef u lne ss f or
ris k a sse ss m en t. A m aj or g oal of the e xpe rim e nta l stu di es is to yi eld n ew
b iom a rk ers, which i n t urn wi ll b e ev alu at ed in the e pid em io logi cal
stu di es a nd we ight ed a gai ns t t he de ne d ED C m ix tu res . A not her ai m ofﬁ
the m e chan ist ic s tud ie s is to e sta b lish ca us al lin k s b e twe en e xp osu re
an d e e ct. T his ex erc ise w ill u lti ma te ly c ont rib u te to k n owle dgeﬀ
rele va nt f or i m prov in g the risk a ss ess m en t pro ces s in clu din g b e tte r
wei ght of ev ide nce a ppro ache s.
HBM 4E U se ek s t o u se e xi sti ng c ohort s tu die s an d b i ob an k s to ad-
dre ss hea lth e e cts i n rela tio n to HB M dat a, in clud in g m ixt ure s.ﬀ
More ov er, b io m ark er s of e e cts a re b e in g dev elo ped fo r i nclu s ion inﬀ
fu tu re HB M4E U su rv ey s.
Re ect in g the en orm ou s co mp lex ity o f chem i cal m ix tu res in wa terﬂ
res ou rces , SOL UTI O N S put s a s tron g e mp hasi s on whole m ixt ure ap-
proa ches t o m on it or an d as se ss this con tam i nat ion . To this en d, the
proj ect d ev elop ed a nd r igor ou sly e va lua te d a m od ula r t est b att ery i n-
clud in g an d ass ay s f or e ect- b as ed m on it orin g (in vivo in vitro ﬀ N e ale
et a l., 201 7a) . This b a tte ry m a k es com plem e nt ary u se of s hort t erm t est s
wit h w hole o rgan is m s rep res en tin g the W FD b i ologi cal q ua lity ele m en ts
(BQ E s) a nd as say s co ve rin g MoAs rele va nt f or chro nic e ect s.in vitro ﬀ
The i nte gra tio n of e ect -b as ed m on it orin g has b e en a lso s ug ges te d fo rﬀ
the re vi ew of the WF D ( ). E e ct-b a se d trig ger v alu esBr ack et a l. , 2 017 ﬀ
hav e b ee n s ug ges te d f or thi s su it e of b io as say s s u pport ing the e n-
vi ronm e nt al qu ali ty s tan da rds (EQ S) o f the W FD ( ).E sche r e t al., 20 18
E e ct-b a se d m on ito rin g too ls hav e b e en vali da ted for w hole m i xtu reﬀ
m oni tori ng af ter e nri chme nt wit h large vo lu m e s olid p has e ex -in situ
trac tio n ( ; ) in sev era l cas e stu di esN ea le et a l., 2 018 Schu lz e e t al., 20 17
( ; ). I n case s w here e e ct-b a sedKö ni g et a l., 20 17 N e ale e t a l., 201 5 ﬀ
m oni tori ng t ools de tect e e cts a b ove the t rigg er v alu es, S OL UTI ON Sﬀ
prov ide s an ex ten si ve to olb ox fo r t he id en ti c ati on o f dri ve rs of thes eﬁ
eﬀe cts ( ). The ir ab i lity to i de nti fy so f ar u nk n ownB ra ck e t al., 2 016
driv er s of to xi city ha s b e en d em on st rat ed in sev era l c ase s tu di es
( ; ).Mu schk e t et al., 20 18 Mu z et al. , 2 017
4.3. Grouping of chemicals in assessment groups
On e im p orta nt asp ect i n a ss ess in g m ix tu res is t he ra ti ona le f or
grou pi ng che m ica ls, the b a si s f or de cid ing w hich m ix tu re co mp o-i.e.
ne nts ne ed t o b e con si der ed f or ad dre ss ing c om b in ed e ect s. C hem ica lﬀ
m ixt ure as ses sm e nts a re u su ally i nit ia ted b ecau s e of a co nce rn b as ed o n
kn ow n co- exp osu re o r co m mo n e e cts for a gr ou p o f che mi cals .ﬀ
The rati on ale f or g rou pin g che m icals in MRA ca n b e b ase d o n
m ulti ple co ns ide rat ion s. I t can b e co-e m iss io n b as ed co ns ide rin g ori gin
fro m o ne so urce , re cept or b as ed dep en din g on a r ece ivi ng co m part -
m en t, chem i cal cla ss b a se d, b io logi cal e ect b a se d, or p rodu ct/ u seﬀ
b ase d.
Gro upi ng wi ll b e di ere nt de pen di ng o n the co nt ext an d reg ula toryﬀ
goa l. I n s om e ca ses a g rou p o f s tru ctu rally re lat ed che m icals i s as ses se d
tog ethe r (su ch as phthala te s u nd er the RE AC H re gula ti on, Reg ula tio n
(EC ) N o 19 07/ 200 6). I n t he are a o f pla nt pr ote ctio n prod uct s, EFS A has
dev elo ped t he m etho dolo gy to a ss ign a cti ve s ub s tan ce s to C AG s b as ed
on s im ila r e ects /t arge t org an s ( ) . So m e che -ﬀ EF SA PPR Pa ne l, 20 14
m icals su ch as pe st icid es , d iox in s a nd PA Hs a re of ten con si der ed as a
grou p u nd er v ari ou s pie ces of E U le gis lati on r elat ed to u ni nte nt ion al
mi xt ure s s uch a s the W ate r Fra me wor k D ire cti ve. L eg isla ti on a rou nd
occu pat ion al e xpo su res ma y t arge t chem i cals a ccord in g to t hei r tech-
nic al fu nct ion , su ch a s solv en ts . I n f ood co nt act m at eria ls the che m ica ls
are reg ula ted acco rdi ng to t heir phys ico -chem i cal cha ract eri sti cs.
Grou pi ng chem ica ls b as ed on si mi lar e ect s allo ws add res sin g co m -ﬀ
b ine d e ects us ing C A b a sed pred icti on s.ﬀ
As alre ad y d em on st rate d i n , se ve ral o f t he cu rren tSe cti on 4.2.1
proj ect s con tri b ut e to way s o f e ect -b as ed grou pin g (E u roMi x, E U-ﬀ
Tox Risk , JRC , E FSA f or pes ti cide s, E DC -Mi xRi sk , HBM 4EU ), b u t als o
the co- ex pos ure b a se d grou pi ng ca n b e f aci lita ted by the i den ti c ati onﬁ
of com m on chem i cal pat tern s in hum a n an d en vi ron me nt al m at rice s as
su pport ed b y S OL UTI ON S a nd HB M4E U.
I f a n e ect- b ase d gr ou pin g is en vis ag ed, a ll E U pro je cts des crib e dﬀ
here in p rom ote an AOP -ne two rk b ase d ap proa ch as d is cus se d ab o ve .
The k ey e ven t le ve l at w hich gr ou pin g shou ld b e con si der ed i s s till
un de r deb a te . Grou pi ng i s of ten b as ed o n co m mo n t arge t org an /phe -
nom e no logi cal e ects at t he st art , as f or t he C AG s de ve lope d f orﬀ e.g.
pes tici de s in EFSA , du e t o a li m ite d av ai lab ili ty of me chan is tic i n-
for ma ti on. T his i s in con tras t w ith a pproa ches in o ther g eog raphi cal
are as, s uc h a s in the U S app roac h w hich u se s an appr oach gr ou pin g
only pes ti cide s tha t clear ly sho w a si m ilar m od e or m ec han ism of ac-
tio n. As pro pose d b y m o st of the in vo lve d p roj ect s, it is d es ira b le to no t
only con si der che mi cals w ith si m ilar e ect s withi n a s peci c re gu lato ryﬀ ﬁ
sec tor b u t also a cros s di ere nt le gis lati ve s ilos ( ).ﬀ Ev an s et al. , 2 016
I n e nv iro nm en ta l MRA, MoA b as ed g rou pin g f or pre dict in g com -
b ine d e e cts p lays a di ere nt ro le a s the Mo A wi ll b e di e ren t a crossﬀ ﬀ ﬀ
di e ren t s peci es . Fu rt herm ore , the e nd poi nt s us ed a re o ft en b a sed onﬀ
mo re ov era rchin g eﬀect s, su ch as m or tali ty o r g rowt h. I t i s of ten mo re
rele van t t o str ati fy the a ss ess m en t b y lo ok in g in to e ect s on spe ci cﬀ ﬁ
trophi c lev els or org an is m gro up s.
I n SOL UT IO N S, gr ou pin g o f chem ica ls i s fo llowi ng two com -
plem en ta ry s tra teg ies : (1) G rou pin g of k no wn che m icals prod uce d, u se d
an d/o r an aly sed in t he en vi ron m en t. C hem i cals m a y b e g rou ped ac-
cordi ng t o MoA s an d com m on AOs tow ard s spe ci c orga ni sm gro ups .ﬁ
This ha s b ee n b as ed o n an ex ten si ve li te ratu re e va lua tio n of fre qu e ntly
occu rrin g com po un ds i n the aq u ati c e nv iro nm e nt t hat i den ti e d m oreﬁ
than 100 d ist in ct e e ct ty pes gr ou ped i n 31 m od e-o f- acti on ca teg orie sﬀ
( ) ; (2) Grou pi ng of che m ica ls co -occu rri ng i n e n-Bu sc h et a l., 20 16
vir onm e nt al sa mp les f ollow ing a whole m i xtu re a pproa ch an d wit hou t
the cla im to b e ab le t o ap poin t a nd c hara cteri se all com po ne nt s of a
grou p. Gro up in g i s do ne a ccord ing t o e e cts a nd s ou rces .ﬀ
G rou pin g of en vi ron me nt al chem ic als a ccord in g to e ec ts m ay b eﬀ
don e on the b asi s o f sp eci c MoAs b u t als o m ore int egr ati ve api calﬁ
en dpoi nt s. E ect- b as ed g rou ps a re de n ed b y t heir d ete cta b ilit y wi thﬀ ﬁ
e e ct-b a sed m etho ds i n en vi ron m en tal sa m ples . Gro upi ng of e nv iron -ﬀ
me nt al che m ica ls accor din g to com m on occu rren ce a nd s ou rces is b a se d
on che m ica l s cre en ing an aly sis an d su b se qu en t m u ltiv ari ate st ati sti cs
att em pti ng to war ds a clu ste rin g of pe ak s i n en vir onm e nt al sa m ples a nd
vali da tio n wi th so ur ce-re lat ed n ge rprin ts . The det ect ion of sou rce -ﬁ
rela ted g rou ps of chem ica ls, fo r exa m ple in s u rfa ce wa ter, he lps to a s-
ses s t he i mp act of t hes e s ou rces on w ate r q ua lity an d thu s d ire ctly
su pport s m an age m en t.
4.4. Mixture risk assessments
Whi le the pres en te d proj e cts ha ve thei r m aj or f ocu s on ei ther e x-
posu re o r ha z ard a ss es sm en t, all of them ex plore s tra teg ie s to in te gra te
b oth to n ally a ddre ss ri sk s f rom ex pos ure t o chem ic al m ixt ure s.ﬁ
E uro Mix a im s at i nt egra tin g ex pos ure an d haz ard m o delli ng i nto a n
int egr ate d pro b ab ili sti c ris k m o delli ng appr oach f or m ix tu res , whic h
will b eco me ava ila b le as a web -b a se d to olb ox . Eu roMi x will i nclu de a
ve ry con se rva ti ve ri sk as se ssm e nt as a lo wer t ie r for d ata poo r s it ua tio ns
b ase d on con ser vat iv e as su m ptio ns o n C AG m e mb e rshi p, aim i ng t o set
tes t pri orit ies . Ad dit ion ally a hi gher ti er r isk as se ss m en t wi ll b e im -
plan ted us in g m ore re ali sti c in fo rma ti on o n C AG m e m b ershi p an d o n
the che m ica ls' p ote nci es as well a s f ull d at a on con su m pti on an d
S.K. Bopp et al. Environment International 120 (2018) 544–562
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res idu es of che mi cals in f oo d. Thes e da ta a re cu rre ntly we ll- orga ni se d
in E u rope f or c ons u mp tio n b y EFSA a nd the E U Me m b er Sta te s, f or
pes tici de s an d v ari ou s f ood c ont am in an ts for which m on ito rin g is r e-
qu es te d b y reg ula tio n.
The Eu roMi x t est b att ery will a lso prov ide in fo rm ati on fo r ha-
z ardo us dos es , w hich will b e tr ans f orm ed i nto a poin t of dep artu re f or
ris k a ss es sm en t. Fo r thi s the web - b ase d B en chm ark D ose Mo delli ng
(BM D) ap proa ch will b e us ed . The BM D m ode llin g a nd the pro b ab ili sti c
ex posu re m ode llin g will b e com b in ed i nt o an i nt egr ate d pro b ab ili sti c
ris k a sse ss m en t (I PRA) i n lin e wi th in tern at ion al d eve lopm e nt s su ch as
RIS K21 ( ). T he ou tco m e of s uc h a n I PRA ca lcula tio nMore tto et al., 2 016
can b e p lott ed u sin g the g raphi cal opti on s of t he Eu roMi x plat fo rm a nd
can b e com par ed wi th a Marg in o f Ex pos ur e at di ere nt p erce nt iles o fﬀ
the ri sk as se ssm e nt dis tri b uti on ( ;C répe t e t al., 2 013 Bé chau x e t al.,
201 3).
ED C -Mix Ris k f ollo ws a di ere nt s tra teg y, f ocu si ng on t wo m ai nﬀ
appr oache s: rst ly, b u ildi ng o nt o exi st ing r isk as se ss me nt s tra teg ie s b yﬁ
us in g the ne wly p ropo sed fr am ew ork f or the sy st em at ic re vi ew a nd
in teg rate d a ss ess m en t (SY RI N A) ( ), a nd se c-V an den b erg et al., 20 16
on dly d ev elop in g nov el b i ost ati sti cal m et hods to f aci lita te M RA. The
ﬁrst ap proa ch i nclu de s ap plyi ng SY I RN A to the dat a gen er ate d in ED C-
Mix Risk wit h the ai m to d ev elop thi s fra m ewo rk fu rthe r a nd a dj us t it to
m ixt ure s. The SY RI N A m etho d inc lud es s ev en s teps : 1) Form u lat ing t he
prob le m ; 2) D ev elo pin g the rev ie w pro toco l; 3) I d en tif yi ng rele va nt
ev ide nce ; 4) E valu a tin g ev ide nc e f rom ind iv idu a l s tu di es; 5 ) Sum m a r-
iz in g an d ev alu at in g each s tre am of ev ide nce ; 6 ) I nte gra tin g ev id en ce
acro ss all st rea m s; 7) Dra win g co nclu si on s, m ak e reco mm e nd ati on s,
an d ev alu ate u n certa in tie s. The s eco nd, b io sta ti sti cal appr oach (Si mi lar
Mix tu re Ap proa ch, SMAC H) is pe rf orm ed in a f ou r-st ep p roce ss: (1)
ide nt i cat ion of b a d a ctors , E DC s that are ass oci ate d w ith s ex ua lﬁ “ ”
dev elo pm en t in t he childr en m ea su red in pre na ta l b loo d/u ri ne s am ple s
fro m m ot hers i n the SE LM A p regn an cy co hort; (2 ) de n iti on a nd co n-ﬁ
stru ct ion o f a t ypi cal m ix tu re con si st ing o f the ba d act ors ide nt i ed“ ” “ ” ﬁ
in s tep 1 ; ( 3) ex per im en tally tes tin g thi s mi xt ure i n an din vivo in vitro
m ode ls to e st im at e do se re spo ns e re lati ons hips an d de ter mi ne poi nts -of -
dep artu re ( , re fe ren ce d os es) as soci ate d w ith a n a dv ers e he althi.e.
ou tcom e ; an d (4 ) u sin g a w hole m i xtu re str ate gy w ith a sta tis ti cal
m eas ur e of su ci en t si m ilari ty to i nf er ri sk ass es sm e nt f rom e xpe ri-ﬃ
m en tal ev id en ce b ack to the hum an popu lat ion and g en era te a s im ila r
m ixt ure ris k in di cat or (SMRI ) t o com pa re ea ch in di vid ua l's t ota l dos e
con cen tra tion to t he e sti m ate d po in ts of de par tu re f rom ste p (3 ).
Li nk in g hu m an ob s erv at ion al st ud y res u lts wit h dat a fro m e xp erim e nt al
ass ay s of en vir onm e nt al m ixt ur es st ren gthe ns the ev id en ce of ri sk fro m
en vi ronm e nt al ex pos ure s.
HBM 4E U ai m s to in teg rate HB M da ta in r isk a ss ess m en t a nd t o
perf orm hea lth im pa ct as se ss me nt f or a ll HB M4E U pri ori ty s ub s tan ces ,
in clud in g m ixt ur es an d e m erg ing chem ica ls. Thi s in vo lve s the d eri va -
tio n of HBM healt h-b as ed gu ida nce va lue s f or the prior ity su b sta nce
grou ps . In the co urs e o f the HB M4 EU p roj ect n ew HB M m ix tu re da ta
will b e com pi led for the E u rope an popu lat ion . B ase d o n e xpe rie nce
gai ne d fro m t he ini tia l ana lys is o f alre ad y ex ist in g HBM m ix tu re da ta ,
ris k a sse ss m en t an d he alth im pa ct a sse ss m en ts wi ll b e per for me d on
thes e ne w m ix tu re da ta.
Ba se d on the an aly si s of ex is tin g HB M m i xtu re dat a, a lter nat iv e
appr oache s to ge ne rate ag greg ate d i ndi cat ors b ase d on to xic ity in -
fo rm ati on wi ll b e co m pare d. To this e nd , a re fe ren ce tab le w ill b e de-
ve lope d which cu rat es a va ilab le he alt h-b as ed gu id an ce v alu es, s uch a s
the G erm a n Hu m an Bi om on it orin g V alu e s a nd Bi om on ito rin g
Eq ui va len ts f rom d i e ren t sou rce s, in clud in g b o th w ork plac e an dﬀ
gen era l popu la tion va lue s. The se w ill ser ve a s the b a sis fro m w hi ch a
m ixt ure in dica tor (s uc h a s a Haz a rd I nd ex) m a y b e ca lc ula ted .
The e xpe cta tio n is tha t tox ic pot en cy in fo rm ati on w ill n ot b e co m -
plet e f or a ll com pou n ds relev an t f or H BM4 EU , wit h no in for ma ti on
av aila b le f or so me of the co mp ou nds . I n the cas e tha t ther e are no d ire ct
hea lt h-b as ed o r s tat ist ica lly der ive d re fe ren ce va lue s, alt ern ati ve ro ut es
will b e ex plore d, s uch a s a Q SAR app roac h an d in te rna l dos im e try
mo de lling t hrou gh PB TK m od els.
SO LU TI ON S pe rfo rm s cas e s tu die s on MRA f or che m ica l m i xtu re s
me as ure d in sele cte d st rea ms an d riv ers , su ch a s Rhin e an d D an ub e , o r
mo de lled i n fre shw ate r s ys te ms all ove r Eu rope . T he cas e st ud ies ai m to
tes t an d to r e ne nov el o r im prov ed e xpe rim e nt al an d co mp ut ati on alﬁ
appro ache s fo r a ss es sin g chem i cal m ixt ure ris ks t o an d the aq u ati cvia
en vir onm e nt , i nclu di ng hum a n hea lth ris k s fr om the co ns um pt ion of
ﬁs h fo od a nd drin k in g wa ter a bs tra cte d fr om su rfa ce w ate rs. T he ap -
proa ches i nclu de b oth, who le m ix tu re te st ing with e ect -b as ed t oolsﬀ
(EB Ts ) an d com pon en t-b a se d MRAs a s de scri b ed i n .Sect ion 4 .2
4.5. Identi cation of priority mixturesﬁ
Wi th the la rge n um b e r of che m icals i n u se , t here is a n in tra cta b ly
large nu m b er of pos si ble com b in ed exp osu re s to m u lti ple che m icals .
There fo re, co nce pts f or pr iori tis in g chem ica l com b in at ion s of con cern
are n ee de d, i n ord er t o e e cti ve ly a ct on the m. T he thr ee n on -f oodﬀ
Scie nti c C om m i tte es of the E uro pea n C om m is sio nﬁ SC HER/ SC EN I HR/
SCC S (2 012 ) hav e s ug ges ted crit eria fo r ide nt if yi ng pr iori ty mi xt ure s
b ase d on com b in at ion s o f e xpos u re a nd ha z ard c rite ria , su ch as sig -
ni ca nt en vir onm e nt al ex pos ure s clo se t o hea lth b as ed gu id an ce v alu es ,ﬁ
mu lti -con st itu en t prod uc ts an d com m e rcia l m i xtu re s con ta ini ng a ctiv e
su b sta nce s or s u bs ta nce s of con cern , lik eli hood an d fre q ue ncy of e x-
posu re a nd t hei r pe rsi ste nc e, etc.
The Eu roMi x too lb ox in clu de s a m o du le fo r ide nt if yin g the m ix tu res
of con ce rn b a sed on e xpo su re a nd ha z ard co ns ide rat ion s. The prio rity
mi xt ure se lect ion will b e b as ed o n t he Ma xi mu m C u mu lat iv e Ra tio
(MC R, ) an d Spa rse N o n-n eg ati ve Mat rix Und er-Pric e an d Ha n, 2 011
est im at ion (SN MU ). The to ols to set p rior ity m i xtu re s are e m b edd ed i n
the E u roMix op en dat a a nd m ode l plat fo rm a nd the det ails are de-
scri be d in .va n de r V o et e t a l. (201 7)
E DC -Mi xRis k ha s u sed a n ov el st rate gy t o ide nt if y prio rity chem i cal
mi xt ure s of co nce rn , n am e ly m ix tu res t hat a re as soc iat ed w ith AO s i n
hum a ns. Us in g we ight ed qu a nti le s um regr ess io n, d at a f rom t he
Swed is h SE LM A preg na ncy c ohort we re a na lys ed to i den ti fy E DC m ix-
tu res m e as ure d in ea rly pre gna ncy tha t are a ss ocia te d wi th he alt h ef -
fe cts i n e ach o f thre e s ele cte d hea lth do m ain s f or t he chi ldren . The
mi xt ure s we re the n e sta b lis hed u si ng the rea l-lif e e xpo su re da ta f rom
the an aly se s of m othe rs' u rin e an d se ru m a t preg na ncy wee k 1 0. I n the
ﬁr st pha se , thre e m ix tu res (m ix tu res 0) we re e st ab lis hed b a se d on
an alys es of 2 0 chem i cals f ou n d in t he SE LMA m othe rs. I n the se con d
phas e, three m o re com ple x m ix tu res (m i xtu re s I) ha ve b e en e sta b lis hed
b ase d o n a na ly se s o f 5 4 che mi cals m ea su red fro m the s am ple s of
SEL MA m ot hers.
The ED C -Mi xRis k stra te gy i nclu d es t he e va lua tio n o f che m ica ls
acros s a wid e ra ng e of chem i cal cla sse s. T he pri m ary chem i cals o f
con cern , the so- called b a d a ctors , ha ve b ee n i den ti ed b y u sin g“ ” ﬁ
pharm a cok in eti c m ode llin g an d the ap plica tio n of nov el an d a dva nc ed
b io-s ta tis tica l m etho ds. The se b ad a ctors con trib u te t o the a ss ocia tio n
b etw een ex pos ure a nd a dv ers e hea lth ou tcom e .
HB M4E U work f ocu sse s on a rst s et of pri orit y su b st an ces , whichﬁ
b y the m se lve s a lrea dy con sti tu te m i xtu re s. N e w pri orit y s ub s ta nce
grou ps wi ll b e add ed i n the co urs e of the proj e ct. Ba se d on g rou pin g of
HBM m i xtu re da ta o n t oxi c pot en cy f or co m m on M oA a nd AOP s,
clus ter ing i n sp eci c ri sk grou ps will b e pe rfo rm ed, w ithi n an d a cros sﬁ
the di ere nt co un tri es . Mo reo ve r, d et erm in an ts o f the se clu st ers o f ris kﬀ
grou ps w ill b e f u rthe r a ss ess ed .
SO LU TI ON S is wo rk in g o n a p ropos al f or an adv an ced m etho dolo -
gica l fra m ew ork fo r i de nt ify in g pri orit y po llut an ts a nd pri orit y m i xtu re s
of che m ica ls in Eu rop ean f res hwat ers . The pr opos al ai m s to tack le
ma j or short com in gs of cu rre nt pr iori tis ati on proce du res u n der t he EU
WFD , whi ch i s m ain ly f ocu se d on s in gle che m icals . The a dv an ced f ra-
me wor k i s prop ose d to i nte gra te a ll ava ila b le line s of ev id en ce (L OE ) on
sig ni c ant m ixt ur e ris k s. T his i nclu de s e vi den ce f rom ( i) e colog icalﬁ
mo ni tori ng ( eld ob se rva ti ons on so- calle d B Q Es) , (ii ) e ect- b ase dﬁ ﬀ
mo ni tori ng ( o r te sti ng i n the lab or on si te) , ( iii ) che m ica lin vitro in vivo
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m oni tori ng i n com b in at ion with com po ne nt -b as ed m ix tu re ris k a ss ess -
m en t ap proa ches, a nd (i v) i nte gra ted m ode llin g of co- ex posu re an d
res ult ing m ixt ure ris k s. Whe re on e or m o re lin es of e vi den ce i de nti fy
grou ps o f chem i cals p res en tin g a si gni can t ris k , thes e shou ld b e su b -ﬁ
je ct to prio riti sat ion fo r ris k re du cti on m e as ure s. Whe re a pprop riat e,
su ch grou ps m a y b e re du ced to f ew m ix tu re co mp on en ts or e ve n on e
sin gle com pon en t whi ch can b e de m on stra te d to e xpla in m ost of t he
ove rall r isk , s o-ca lled driv ers of m ix tur e ris k s. W he rev er c onc lus ive
ev ide nce on sig ni can t ris ks an d n ee ds f or ri sk red u ctio n ca nn ot b eﬁ
rea ched b e cau se all pos si b le LO Es are som e whe re b lock e d b y s ign i ca ntﬁ
dat a or k no wled ge ga ps, m ix tu re com po ne nts o f pot en tia l c onc ern are
no t lef t u nn ot iced b ut they ar e pri orit is ed f or f u rther res ear ch an d
tes tin g. So me ele m en ts of the a dv an ced me thod olog ica l f ra me wor k m ay
b e re ad ily a ppli cab le u n der the e xi sti ng WFD . Fu ll im plem e nt ati on ,
howe ve r, w ou ld req ui re chan ge s in t he lega l t ex t, as de ta iled i n B rack
et a l. (2 017 ).
4.6. Linking combined exposure assessments to health e ects and ecologicalﬀ
status
The ove rall c onc ept u n der pin ni ng E DC -M ix Ri sk i s tha t e arly lif e
ex posu re to ED C mi xt ure s in du ce s cha nge s i n the o rga ni sm that un -
der lie in cre as ed s us cept ib ili ty to dis ea ses d u rin g the e nti re lif e sp an . I t
is e ss en tia l t o u nd ers tan d the m olecu lar m e chan is ms b ehin d t he ad ve rse
hea lt h e e cts i n o rde r to pro ve a cau sa l lin k b e twe en ex pos ure an dﬀ
ou tcom e a nd t o dev elo p bi om ar ke rs of ex posu re a nd ri sk of d ise as e.
By in te gra tin g ep ide m iolo gica l da ta i nt o e xpe rim en ta l res ear ch,
ED C- Mix Risk ha s de ve lope d a m u lti ple-e xp osu re -to- mu lti ple- ou tcom e
appr oach, whi ch m im i cs the re al-li fe m ix tu re ex pos ur e. The rst re su ltsﬁ
dem o ns trat e t hat E DC m ix tu res as soci ate d w ith a dv ers e hea lth ou t-
com es i n po pula tio n-b a se d epi de mi olog y ev ok e re lev ant mo lecu lar an d
phys iolo gica l e ects i n e xp erim e nt al s ys tem s i n ce lls a nd a ni ma lsﬀ
( ) . T his d em on str ate s the v ali dit y of t he a pproa chBi rge rss on e t al., 20 17
in i nte ract in g b etw een epi dem i olog y an d ex pe rim en ta l t oxi colog y an d
the n eed to ta k e m ix tu re e e cts int o acco un t f or ris k as se ss me nt . Theﬀ
res ult s hav e b ee n o b tai ne d in m ice, ta dpo les , z e b ra s h, a nd cell m od els.ﬁ
E e cts ha ve b ee n ob s erv ed e ve n a t the lo wes t con ce ntra ti ons tes te d,ﬀ
which corr esp ond to the a ctu al lev els o f che m icals m e as ure d fr om t he
SEL MA m ot hers .
I n Eu roM ix , m od elli ng re su lts wi ll b e li nk ed to ex pos ure dat a fro m
b iom on it orin g st ud ies ( IP Che m a nd HB M4 EU) . A hu m an s tu dye.g. via
(n = 1 40 pa rtic ipa nts ) will se rve as a pro of of prin cip le.
I n HBM 4E U, the res u lts o f the co m bi na tio n o f HB M d at a wi th (ex -
ist in g) he alth re gis trie s, coho rt s tud ie s an d b i ob an k s an d the appli ca-
tio n of n ov el e e ct b iom a rk ers wi ll g en era te ne w in si ghts i n the ris k s ofﬀ
m ixt ure s in the ge ne ral popu la tion .
Wher eas it i s im p orta nt t o lin k tox ico logic al ris k ass es sm en t t o
hea lt h e e cts, in the e nv iron m en ta l a sse ss m en ts it i s im por tan t to lin kﬀ
to en vi ron m en tal hea lth. I n the con te xt o f the W FD, the chem i cal an d
eco lo gic al st atu s of Eu rop ea n wat er b od ies is a ss es sed . SOL UTI O N S ca se
stu di es e xa m in e the lin k ag e b etw een eco logi cal an d chem i cal sta tu s of
Eu rope an wat er b od ie s. Sta tis tica l an aly se s rev ea l that c hem ica l pol-
lut ion m ak es a s ign i ca nt co nt rib u tio n t o a b a d e cologi cal s tat us atﬁ
m an y si te s, in ad di tion to othe r hyd ro-m o rpholog ica l an d phy sic al
stre ss ors . Be yo nd s u ch gen er al st ati st ical corre lati ons , how ev er, it is
of ten n ot poss ib le t o es tab li sh dir ect ca us al lin k s b etw ee n k no wn po l-
lut an ts o r p ollut an t m ix tu res a nd e ld ob s erv ati on s of a b ad s tat us ofﬁ
BQ E s. Thi s app lies i n pa rtic ula r to larg e st rea ms wher e (i) che m ica ls are
highly dilu te d; (i i) che m icals occu r at re lat ive ly co ns tan t co nce ntr ati ons
wit h no sig ni ca nt grad ie nts ov er la rge r str etche s a nd wit h no sig -ﬁ
ni c an t di ere nce s b e twe en se as ons ; an d ( iii ) app ropri ate ref e ren ceﬁ ﬀ
con dit ion s f or clean wa ter s are d iﬃcu lt to de ne .ﬁ Howe ve r, the si tu a-
tio n m ay b e d i e ren t f or loca l ass es sm e nts , in part icu lar f or s ma llﬀ
stre am s wit h c le ar s ea son al pollu ti on epis od es, s u ch as p est icid e ru n -
oﬀ, or “ ”up stre am / dow ns trea m sit ua ti ons w here a k no wn p ollu tan t
m ixt ure is d ischa rge d in to a r ive r at a s in gle loca tio n. E xa m ples f rom
SOL UTI O NS ca se s tu die s s how tha t un de r su ch con di tion s i t m ay w ell
b e poss ib le to at trib u te ob se rve d ad ve rse e e cts to c hem ica l m i xtu re sﬀ
an d to id en tif y t he cau sa tiv e gr oup s of m i xtu re co m pon en ts. How ev er,
this req ui res su b sta nt ial e ort s an d t he in te lli ge nt co m b in ati on o f a llﬀ
ava ila b le ex peri m en tal a nd co mp ut ati on al m etho ds , w hich is n ot p os-
sib le f or ro uti ne w ate r qu ali ty m on it orin g.
4.7. Beyond chemicals: the impact of combined environmental stressors
Ap art f rom che mi cals im pa ctin g hu m an or en vi ron me nt al hea lth,
there a re se ve ral othe r pos sib le n on -che mi cals s tre sso rs an d ris k f act ors
that ca n con tri b ut e to or m od ula te a dv ers e e e cts (s eeﬀ e.g. L ie ss e t al.,
201 6).
HB M4E U se ek s to i nt egra te the HB M, t oxi colog ica l, e pide m iolo gica l
an d pu b lic hea lth pe rspe cti ve s wit h n ov el e xpo som e a ppro ache s. The
exp oso m e con cept a im s t o in teg rate a ll e xp osu re s (che m ical, phy si cal,
b iolog ica l, p sy cholog ical, soci al a nd eco nom i c) ov er t he lif et im e. A s
su ch, i t is an a m b iti ou s con cep t t hat en com pa ss es the c hem ica l m i xtu re
iss ue b u t t hat go es b ey on d i t t o a lar ge ex te nt. The tim e dim e ns ion is
also im po rtan t s inc e m ix tu res cou ld co ns ist in the com b in ati on of
mu lti ple e xp osu res ov er t im e. Fur therm o re, t he e xpo som e is com -
plem en ta ry to the ge no me an d in m a ny e xp oso me res ea rch s tu die s the
con trib u ti on of the ge no m e is a lso ex plor ed. The EU ex pos om e pr oj ect
clus ter in clud es thre e m a jo r pro je cts , Ex pos om ics , Heli x an d
Hea ls . All thr ee pro je cts li nk ex pos ure s to he alth o ut com es a nd b i o-
ma rk ers , an d de ve lop ad va nce d te chn ologi es t o de lin eat e s uch i nte r-
acti on s. Ex pos om ics exa m in ed d i er en t c ase st ud ies c onc ern in g wat erﬀ
con tam in at ion an d air po llut ion , b o th corre spo nd ing t o large m ixt ure s
of co m pou nd s ( ). I n the ca se o f ai r pollu tan ts , s hortTu rn er et a l., 2 01 8
term a nd v ery lon g t erm e ect s we re an aly se d an d i n the la tte r cas e,ﬀ
epi gen et ics m a rk ers w ere e xp lored in a dd iti on t o othe r om ics . The He lix
proj ect aim s were to co m b ine se ve ral b irt h cohort s in the EU a nd to
stu dy the pre gn an cy ex pos om e, in te gra tin g che mi cals a nd o ther s tre s-
sors ( ) . A large n u m b er of chem ica ls we reRob in so n an d V rij he id, 20 15
det ect ed a nd i t was poss ib le t o de line at e co- exp osu re s to com b i na tio ns
of t hose c hem ica ls. The Heals con cept a im s a t int eg rati ng e xt ern al an d
int ern al e xpo su res wi th hea lth ou tco m es u s ing a v ari ety of s en sors ,
an alyt ica l t ools , qu es tio nn ai res a nd com pu ta tion al tools (Sar igi an nis ,
201 7). I t als o in te grat es e pid em io logi cal a nd tox icolo gica l stu di es o f
rele van t m ix tu res i n ord er to s upp ort ca us al m echan is m s.
B eca us e t he e xpo som e pro j ects in te grat e s ev era l e nv iron m en ta l
stre ss ors i n add it ion t o chem ica ls, the y are w ell su it ed to ide nt ify vu l-
ne rab le co nd iti ons t o chem ic al m ixt ur es e ects su ch a s de ve lopm e nta lﬀ
sta ges , soci al an d e con om ic s tat us , p sy chologi cal s tre ss, I t is in tri-etc.
gui ng t hat se ve ral of tho se s tres so rs tar get s im ila r m ole cu lar m ark ers i n
orga ni sm s, f or e xa mp le ep ige ne tic m a rk s ( ). ThisB arou k i e t al., 2 018
ma y hi nt to po ss ib le in te ract ion s b et wee n tho se di ere nt s tre ss ors.ﬀ
E DC -Mi xRis k w ill als o fo cus on ot her tha n che mi cal f acto rs su ch as
gen et ic an d ep ige ne tic in f orm at ion , ne w b iom a rke rs f or ex pos ur e an d
healt h e ect s, a s well a s othe r f ac tors ( , st ress , nu tr iti on, ) t hatﬀ e.g. etc.
can b e of i m port anc e f or b et ter u nd ers tan di ng o f t he rela ti ons hip b e -
twe en e arly li fe e xp osu re to che m ica ls an d hea lth an d dev elo pm en t in
childre n. T he ai m i s to t es t t his c orrela ti on a gai n in the e xpe rim e nta l
mo de ls. Fo r ex am ple , if m ate rn al st res s i s f ou nd to b e a s ign i ca ntﬁ
cova ria te i n the m ode l, the im pa ct of m ild s tres s on the e e cts prod u cedﬀ
b y the cri tic al ED C m ix tu res can b e s tu di ed in t he an im a l m od els , or the
e e ct of glu coco rti coid s i n the cell m od els . In ord er t o ad dre ss theﬀ
con trib u ti on of the in di vi du al ge ne tic b ack gr ou nd, i nd uce d plu ripo ten t
ste m cells (i PSC s) w ill b e ge ne rate d f rom in div id ua ls wi th si m ilar e x-
posu re s b ut d i er en t he alt h ou tco m es a nd te ste d f or the ir su sce pti b ilit yﬀ
to the E DC m ixt ure s.
ht tp: //www.ex pos omi c spro ject .eu /.
ht tp: //www.p roject heli x. eu/.
ht tp: //www.hea ls- eu. eu/.
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5. Challenges and ways forward in Mixture Risk Assessment
The re is a clea r ne ed to ad dres s che m ica ls no t on ly as si ngle su b -
sta nce s b u t to a ss ess the a ctu al m ixt ure ex pos ure s of hum a ns a nd the
en vi ronm e nt acro ss m u ltip le so urc es a nd pat hway s. A s sho wn a b ov e,
nu m ero us acti vi tie s hav e b e en an d are cu rren tly ong oin g, f or d ev el-
opin g m e thod olog ies a nd ap proa ches to ta ckle chem ica l m ix tu res .
Howe ve r, t here i s st ill a n ee d to ll m a ny k n owle dge a nd d at a g aps a ndﬁ
to de ve lop harm o ni sed a ppro ache s acro ss di ere nt sect ors .ﬀ
5.1. Gaps in data, knowledge and tools
MRA i s of te n ham p ere d b y t he lim i ted ava ila b ilit y of rele va nt in-
fo rm ati on, s ta rtin g wi th gap s in the k no wled ge o f t he com pos iti on of
m ixt ure s hu m an s an d wild lif e are e xp ose d to, a nd i n k no wled ge ab o ut
the e ect s of tho se che m ica ls in div id ua lly an d in co m b ina ti on.ﬀ
Es peci ally un in te nti on al m ix tu res are di cu lt t o d eal w ith s in ceﬃ
MRA is lim it ed b y a la ck o f (c o)e xpo su re da ta a nd the d i cult ies inﬃ
con sid eri ng ex posu re s f rom di ere nt so urce s ( su ch as agg rega te ex -ﬀ
pos ure fro m di et ary co m b ine d wit h non -d iet ary s ou rces ).
I n che mi cal m on ito rin g, the re a re st ill se ve ral li mi ta tion s o f che -
m ical a na lys is which a re o f m a jo r im po rtan ce for ass es si ng m i xtu re
com pos it ion s. Us ua lly on ly chem i cals s us pect ed to b e p res en t are a na -
lys ed, s o n on- an aly se d chem i cals o r m eta b olit es , which ca n s till con -
trib u te t o a com b in ed e e ct or ris k , m ig ht b e ov erlo ok ed . T his ca n b eﬀ
part ly ov erco m e b y add in g als o n on- targ et ed c hem ica l an alys es , b u t
this i s no t pos sib le f or ro ut ine m o ni tori ng pro gram m e s. Mod elli ng can
help ad dre ssi ng d ata gap s in m on it orin g, b ut i s als o of ten ha m pere d b y
lim it ed a va ila bi lity of in pu t da ta a nd m ode ls. T he u nd ers tan di ng of
ex posu re t o chem i cal m ix tu res co uld b e im prov ed if che m ica l u se s an d
pres en ce i n pro du cts w ou ld b e m ore con sis ten tly de clare d, whi ch w ou ld
su pport b oth, m od ellin g an d m on ito rin g ex erc ise s. Sev era l of t he pre -
se nte d re sea rch proj ec ts a re gen era ti ng m on it orin g da ta a nd de ve lopi ng
m ode ls an d too lb oxe s tha t su pport co m b in ed e xpo su re as se ssm e nt s.
I f chem i cal mo ni tori ng d ata a re ge ne rat ed, a not her prob le m i s the ir
acce ss ib ili ty. T here is a clea r n ee d f or sha rin g da ta, whic h i s fa cili tat ed
b y pla tfo rm s su ch a s I PC HEM. I n o rde r t o con clu de on rea l co-e xpo su res
it i s no t su cie nt t o sha re ag gre gat ed d ata , b ut highe r res olu tio n orﬃ
in div id ua l le ve l d ata a re n ee ded ( ) .Da lla C ost a et al., 20 18
Als o i n haz a rd as se ssm e nt o f m ix tu res , t here a re m a jo r i ss ue s wit h
dat a av ai la b ili ty. O ne o pti on f or pe rfo rm ing M RA is t o app ly a whole
m ixt ure app roac h, i n e e ct-b a se d wa ter m on ito rin g u nd er di scu s-e.g. ﬀ
sio n in the co nte xt o f the W FD. I t has the a dva nt age t hat a ll che m ica l s
in the m i xtu re a re ad dres se d an d in tera cti ons s u ch a s sy n ergi st ic e e ctsﬀ 
can b e c ons id ere d. Howe ve r, the choi ce of appr opria te t es t an d sa m ple
prep ara tion m etho ds i s cru cia l. The a va ilab i lity of vali da ted or st an -
dar dis ed t es t m e thod s tha t can b e a ppli ed i n rou ti ne m on it orin g ne ed s
to b e im prov ed ( ) . T es tin g m ix tu res tha t re-We rne rss on et a l., 20 14
se mb le rea l co-e xpo su re pat te rns , fro m HBM d ata as i n ED C -Mix -e.g.
Risk an d in HB M4 EU , ca n su ppo rt the i den ti c ati on of ne w bi om ar ke rsﬁ
that can su pport fu tu re e pid em io logi cal st ud ie s an d he lp es tab li shin g
lin ks b etw een ex posu re a nd he alth e ects .ﬀ
When com po ne nt -b as ed a ppro ache s are u s ed, t hose are of ten lim -
ite d b y the ava ila b ilit y of in f orm at ion fo r the m ixt ure com po ne nt s.
Tox ici ty i nf orm a tio n, e spe cially fo r spe ci c e nd poin ts of i nte res t in aﬁ
m ixt ure a ss es sm en t, i s of ten lack in g. SO LU TI ON S cas e s tu die s de m on -
stra te t hat m is si ng to xi city da ta f or si ngle chem ica ls a re the m o st im -
port an t b ott len eck fo r rea chin g con clus iv e ev id en ce on m ix tu re ri sk s.
For ex am ple , f or m ore than 50% of m ore tha n 3 00 chem i cals tha t hav e
b ee n m oni tore d at 6 8 di e ren t si tes in the Dan u b e, tox ici ty d ata w ereﬀ
m iss in g. Also i n a re vi ew of rece nt ca se s tu di es f rom the pe er re vie we d
lite rat ure , the s am e iss ue of d at a gap s on b oth, t he to xi city an d ex -
pos ure fo r in di vid u al che mi cals , ham pe red MRA a nd in par ticu lar
pos sib le re ne d as se ss me nt s in m os t ca ses ( ) .ﬁ Bo pp et al., 20 16
I nf orm at ion ne ede d fo r eﬀe ct-b a sed gro up in g i s als o of te n lim it ed .
The appro ach a s propo se d b y E FSA's PPR Pa ne l for d ev elop in g CA Gse.g.
for pes tici des ca n b e re ne d f rom co mm o n ta rge t org an s, co mm o nﬁ
phen om en olo gica l e ect s, Mo A, an d m ec ha ni sm of a ctio n ( ﬀ E FSA PP R,
201 4). I n m ost ca se s, in fo rm at ion i s on ly av ai lab le re late d to the targ et
orga n an d phe no me no logi cal e e ct. A s show n a b ove , the u se o f N AMﬀ
for d eri vi ng m o re m echa ni st ic in fo rm ati on that c an b e in teg rat ed f or
exa m ple i n AOP n et work s is on e ste p for ward su pport in g MRA.
A cle ar d e n iti on of si m ilarly an d d iss im ila rly ac tin g chem i cals isﬁ
ne ede d, to d eci de whi ch chem ica ls s hou ld b e cons id ere d in an ass es s-
me nt gro up. E m phas is shou ld, w hen app licab le , b e p lace d m ore on
com m on a dv ers e ou tcom e s ( ).EF SA PPR Pa ne l, 2 013
5.2. Legislative requirements
Req u ire m en ts f or ta k in g com b i ne d e ect s an d ri sk s i nt o ac cou ntﬀ
have b ee n e sta b lishe d f or s peci c typ es o f m ix tu res an d s peci c pro-ﬁ ﬁ
tect ion g oals u n der s om e pi ece s of E U c hem ica ls legi sla tio n, su ch a s the
plan t prot ect ion p rodu ct r egu lat ion (Reg ula tio n (E C) No 110 7/2 00 9).
Howe ve r, lega l re qu ir em en ts f or MRA s are o ft en m is si ng, in part icu lar
for un in te nti on al m ix tu res ( ). Exp eri en ceKi en z ler e t al., 201 4, 20 16
fro m b ot h t he US an d the E U sho ws tha t si gni can t prog res s in MRA isﬁ
not a chie va b le witho ut t he dri vin g fo rce o f cor res pon din g lega l p rov i-
sio ns .
I f chem ica ls w ere mo re co ns is ten tly ad dre sse d a s m ix tu res , con -
sid eri ng t heir co m b in ed e e cts as a g rou p, als o reg rett ab le s ub s tit uti on sﬀ
( repla cin g chem ic als w ith s tru ctu rally d i e ren t che mi cals b ut s tilli.e. ﬀ
havi ng s im ila r t ox icolo gica l pr ope rtie s), co uld b e add res se d an d ev en -
tu ally pre ve nt ed .
5.3. Harmonisation
Whe re ru les an d gu ida nc e do cu me nt s f or per for mi ng M RAs have
alre ady b een es tab li she d un de r di ere nt pi ece s of Eu rope an le gis lat ionﬀ
an d for d i e ren t prot ect ion goa ls, b ot h t he ap proa ches a nd the te rm i-ﬀ
nolo gy a re n ot alwa ys con si ste nt . T he n eed f or har mo ni sa tion an d in -
teg rati on a cros s reg ula tory se ctor s is we ll re cog ni sed ( ;Bo pp et a l., 2 015
Ev ans et a l., 201 6). Harm o nis at ion cou ld en com pa ss t erm in olo gy,
grou pin g, d at a fo rm ats , m et hodo logy an d re gu lato ry a ppro ache s in -
clud in g r esp ecti ve gui da nce .
Se ve ral sci en ti c m e thod olog ies an d reg ula tory ap proa ches t o as -ﬁ
ses si ng mi xt ure s ha ve b een de ve lope d, a nd a v ari ety of app roa ches
mi ght b e warr ant ed as t here w ill b e d i e ren t ne ed s in di ere nt con-ﬀ ﬀ
tex ts , s uch as fo r pro- or re tro spe ctiv e MRA , f or ri sk as ses sm e nt of in -
ten ti ona l an d u n in ten tio na l m ix tu res . Howe ve r, ha rm on isa tio n of
highe r lev el pri nci ples c ou ld fa cili tat e m ore reg ula r co ns ide rat ion s o f
com b in ed e xpo su res .
The EFSA Mix Tox proj ec t work e d on the ha rm oni sa tio n of m eth-
odo logie s f or hu ma n he alth, a ni m al hea lth an d ec ologi cal ri sk ass es s-
me nt of com b in ed ex posu re to m u ltip le chem i cals (EF SA Scie nt i cﬁ
Co m mi tte e, 2 018 ). The E ur oMix p roj ect w ork s a s on e of thei r obj ecti ve s
on ha rm on is ing app roac he s t o MRA glob a lly, u si ng a se rie s o f f ou r
work sho ps. The s pe ci c obj ecti ve s of t he work s hops a re to (1 ) d is cus sﬁ
curr en t an d i mp en din g re gu lati on , acros s d iﬀer en t chem i cal s ecto rs
( pe sti cide s,e.g. con ta mi na nt s) a nd re gio ns ( USA , E u rope ) an d (2 )e.g.
how a nd when n ew scie nc e m i ght i m pact on fu tu re regu la tio n
( ) . Two m ore harm o nis at ion w ork sho ps wi ll b e held i nEu roM ix, 20 17
201 8/1 9 aim i ng t o ex plore in m or e de ta il how the res ult s of E u roMi x
can he lp fu rthe r t he in ter na tion al ha rm oni sa tio n of M RA.
5.4. Stepwise translation of science into regulation
MRA rem ai ns a com ple x a nd di cu lt ta sk . Scie nce in the a rea ofﬃ
MRA has pro gres se d; se ve ral fra m ewo rk s an d me thod olog ie s have b ee n
dev elo ped . The cu rre nt pro je cts t ack lin g MRA a s de scri b ed in this p ape r
are co nt rib u tin g to f ur ther a dv an cin g ou r ca pa city t o ad dre ss che m ical
mi xt ure s. The ref ore , o ne m u st n ot wa it to ha ve a pe rf ect m od el to ad -
dres s m i xtu re s in re gu lati on , as s om e t ools , d at a an d ap proa ches
S.K. Bopp et al. Environment International 120 (2018) 544–562
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alre ady ex is t. MRAs can be de ve loped b as ed o n m ore dat a rich che -
m icals , an d tra ns fe rre d to d ata poor che m ica ls in clu din g m et hods for
ﬁ lling d at a gap s ( ex pos ur e mo de lling and too ls). The m o ree.g. in silico
sop hist ica ted MRA mo de ls shou ld b e a dopt ed o ver t im e.
5.5. Conclusions
Ov er t he last ye ars , we ha ve a chie ve d a b e tte r un de rst an din g of r isk s
fro m com b in ed ex pos ure to mu lti ple che m ica ls a nd me tho dolo gy t o
ass es s t hose r isk s ( ). Ho wev er , m a nyKo rte nk am p a nd F au st, 201 8
challe nge s rem a in as ou tli ne d ab o ve a nd ca n b e a ddr ess ed b y va riou s
sta k ehold ers , in clu din g re se arche rs, i nd us try , reg ula tor s. D ata ga ps
ne ed to b e add res se d b y ge ne rat in g ne w da ta a nd b y ma k in g exi st ing
dat a m or e ea si ly a cces si ble an d re us ab le . Tra ns lati on of ne w m et h-
odo logi es in to re gu lat ion n ee ds t o b e fa cilit ate d b y clo se co lla b ora tio n
b etw ee n sci en tis ts a nd regu la tors . MRA is ne ede d f or b ot h, m i xtu re s
wit hin re gu lat ory se cto rs an d ove rar chin g re gu lat ory se cto rs. I n cas e an
ove rar chin g a ppro ach is n ee de d, a q ue sti on rem ai ns o n ho w to d ivi de
the a ccep tab le ris k p er re gu lato ry s ecto r or e ve n pe r che mi cal. A ll
sta k ehold ers ne ed t o e xte nd the d ia logu e a cros s di ere nt chem i calﬀ
se ctors in orde r to c om e to m ore o ve rarchi ng a nd harm on is ed ap-
proa ches .
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